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DEPOSITED BY THE 
UNITED STATES OF AMERICA 


BY THE DIVISION OF HIGHH 
BUREAU OF PUBLIC ROADS 


. Characteristics of Travel to 


a Regional Shopping Center 


1) PLANNING 


Reported by JACOB SILVER, Transportation Economist, 
and WALTER G. HANSEN, Highway Research Engineer 


This article describes many of the characteristics of travel associated with a 


shopping center which has a regional market area. The shopping center 
studied was located in a Virginia suburb of the Washington, D.C... metropolitan 


area. 


{Imost one-half of the trips generated by the shopping center for conven- 
ience-goods merchandise (food, drug, personal service. ete.) were made by 


residents living within 10 minutes driving time from the center. The average 


duration of parking for all convenience-goods shoppers was less than 50 


minutes. Trips made to the center for the purpose of obtaining shopping- 
goods merchandise (apparel. furniture, etc.) were found to be greater in 


number, farther in distance, and longer in parking duration. 


Only a limited degree of attraction to the center was due to its multiple- 


purchase characteristics. However. one-half of the weekly trips were made for 


apparel merchandise. 


This article also points out the additional demand placed upon the arterial 
in the immediate vicinity of the center and how the additional traffic conflicts 


with normal peak-hour traffic movement. 


{lso, an estimate of the impact of 


the shopping center upon other commercial complexes is discussed. 


| Rsseamnee AL concentrations or “‘shop- 
A ping centers” are continuing to be estab- 
lished in the increasingly populated suburban 
areas of our cities. The increasing traffie 
problems resulting from the change in the 
pattern and distribution of shopping travel to 
these new retail centers have become familiar 
to many highway and traffie engineers, as 
well as to metropolitan planners. 

In 1955, a home-interview transportation 
survey—origin-destination (Q—-1))—was con- 
ducted in the Washington, D.C., metropolitan 
area. Shortly after the completion of this 
survey, a shopping center with a regional 
market area was opened in one of the Virginia 
suburbs. A special survey of travel to this 
center was undertaken for the purpose of up- 
dating the 1955 O-D survey data and, see- 
ondly, to provide information that would be 


useful in estimating the travel to similar types 
of centers that were expected to be built in 
{ future. 

rhis report is an analysis of the travel to 
t! regional center. Although limited = in 


pe, it presents some of the characteristics 
of travel that can be expected when a trip 
atiractor of this nature is established. — It 
ild, therefore, be helpful to those respon- 
for the location, design, and operation 
of these centers and the highway facilities 
Whoch serve them. 


Summary 


is article describes some of the charae- 
te sties of travel associated with a regional 
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shopping cente! It shows that this type of 
commercial deve lopment generates traffie at 
sufficient volumes during the normal peak 


hours of travel so as to create serious proble ms 
of traffic congestion on the arterials in the 


immediate vicinity of the center 


An analysis made of the trips for shopping 
goods and for convenience goods showed that 
for comparable floor area size, shopping-goods 


trips were generated at a rate significantly 
greater than the number of trips generated for 
convenience goods Also significant were the 
differences in trip length and parking. Con- 
venience-goods traffic generated shorter trips 
with shorter durations of parking than did 
shopping-goods traffic From the data col 
lected, it was found that convenience-goods 
traffic utilized parking space approximately 
twice as effectively than did the shopping 
goods traffic. 

Even though Seven Corners offered a large 
selection and variety of merchandise, which 
would permit multiple purchases at a single 
stop, the center only derived a limited degree 
of attraction to it due to this characteristic 
The bulk of the trips attracted were for the 
purpose of purchasing shopping-goods mer- 
chandise, particularly apparel This one 
group accounted for one-half of the total 
weekly trips. 

Trips were attracted to the shopping center 
from throughout the area under study. The 
frequency of trips originating at a given dis- 
tance or residential area, however, is de pend- 


ent upon that center’s location, composition, 


and size relative to these same faetors of 


competing centers, 


Seven Corners Shopping Center 


Seven Corners shopping center, as shown 
in figure 1, is located at the eastern edge of 
Fairfax County, Va., at the intersection. of 
several major highways. This location, ap- 
proximately 7 miles, or 30° minutes driving 
time, from the Distriet of Columbia central 
business area, Was at the periphery of the 
irban development at the time of the study. 
The distribution of population in’ terms of 
driving time from the shopping center is shown 
in table 1.) The ¢nboard and outboard designa- 
tions used in this table and subsequently refer 
to an arbitrary division of the market area 
intotwo parts, and are used only for compara- 
tive purposes to indicate that shopping charac- 
teristics were not uniform throughout the 
study area. The inboard area designates the 
area between the Seven Corners shopping 
eenter and the District of Columbia cBb; 
outboard designates the area from the shop- 
ping center away from the cBp. The dividing 
line is shown in figure 1. 

The site of the shopping center is triangular 
in shape and, at the time of the study, encom- 
passed a total area of 32 acres. The shopping 
eenter was bounded on the north by U.S. 
toute 50, a major east-west 4-lane highway, 
and on the south by Virginia State Route 7, 
a 4-lane, northwest-southeast highway. These 
two routes, together with other intersecting 
arterials in the vicinity of the center, make 
this location highly accessible for the residents 
of the Virginia seetion of the Washington, 
1).C., metropolitan area, 

The site plan, illustrated in figure 2, indi- 
cates the loeation of the building structures, 
the parking areas, and the points of vehicle- 
aecess to the center. The main building is an 
I-shaped, 2-level structure with a department 
store at each end. The remaining establish- 
ments, with the exception of a supermarket 
and an automobile parts and service establish- 
ment, are located along a covered promenade 
at both levels) between the two department 
stores. 

The total floor area of the center, at the 
time of the study in 1957, was 600,000 square 
feet, of Which approximately 503,000 was gross 
rental area. The types and number of estab- 
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Figure 1.—Seven Corners shopping center and other commercial concentrations in the Virginia section of the Washington. D.C.. 
PI 
metropolitan area. 
13, 1957, 6 months after the Information coneerning the origin, lenge 
Although 6 — purpose, and duration of trips to the center, as 
well as automobile occupaney and vehicle reg- 


lishments of the center, along with the space 
are shown in table 


occupied by each category 
. 


the total YTrOss 


through 

center was officially opened. 
months was a relatively short period of time, 

istration, was obtained by personal intervie 

every tenth parking space in the main pa 


ing area Was designated as an interview spa 





t was considered sufficient for the people of 
familiar with the 


were 


2 \pproximately one-half of 
rental area was used for the actual retailing 1 
of merchandise. About 1,000 persons were the area to have become 
employed full or part time at the center new shopping and service opportunities and 
“ to eliminate possible bias created by sight- Interviews were obtained on arrival for « 
both the upper and lower levels of the center, center family represented by the occupants of the 
and provided space for 2,025 vehicles, or 4 cars Which parked in those interview spaces 
spaces per 1,000 square feet of gross rental that the results would be To be comparable with the 1955 travel survey, 
area. In addition, 235 parking spaces were — by the holiday shopping. However, there is not 'n- 
provided for employes s in an area opposite a considerable seasonal fluctuation in the pur- cluded in the sample. 
the shopping center, across U.S. Route 50 chase of many categories of merchandise and — were obtained, representing about 7 pereent of 
i surveys made in any one week would not be ill the families arriving at the center duri ig ' 
The Travel Survey representative of the entire vear. In this — the interview periods. 
; case, the purchase of apparel was probably Interviews were made on three d: 
The survey of travel to Seven Corners above average and this should be taken into | Wednesday, Thursday, and Saturday, d 
April 8 — consideration in appraising the results were expanded to represent weekly volun es 
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shopping center was conducted from 
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Customer parking areas were Convenient to 


seers to the new 


5 vears of age 


Since Easter was on April 21, it was realized 
somewhat 
In all, 1,558 intervie 


affected 
children less than 























Table L.—Distribution of population and the average income for each of several travel-time indicated that the distances between the shop- 
Pe . Govan ‘ “rs s RAS : : 
groups to Seven Corners shopping center ping center and most nearby residential de- 

velopments, as well as the heavily traveled 
Distribution of each travel-time group : A 7 
For total area arterials surrounding the center, were not con- 
ees Outs ducive to walking trips, and few walking trips 
1957 travel time to Seven were actually observed. Transit trips were 
Corners (minutes . : : 

Population 2 Awornns Binnant A veragy Percent Average omitted from the survey after sample counts 
family of family of n - sa ae et F = on _ 
income populatior ncome popu showed an average of less than 150 person pos 

Number Percent day arriving by bus. 
; : : In addition, no interviews were made in the 
i4 5, 600 ] $6, 500 HS $5. SOO s) gs 500 ; : : i 
59 54. 400 13 7 RK) Ro & 600 13 6 GOK area set aside for emplovee parking. Com- 
14 129, 500 2 7. 500 65 &. BOO HM " ‘s : 
19 73, 700 1s 7, 900 xy &. 000 SO paratively few employees actually used this 
: space. except for Saturday, less than 50 ve- 
20-24 73, 600 Is 6. 900 6] 7. 500 24 mC) . 
24 32, 000 s 6, 400 74 7, 000 24 1, 400 hicles per day were parked there. Many em- 
Hand ove 34, 300 10 5, 5OO 31 5, SOO Hu 41) : ‘ 
plovees parked in the customer parking area, 
Potal or average 108, 100 100 7,100 65 +, 900 ) SU even though there were regulations to the 
contrary. Also, observations showed that 
Only includes area in Virginia section of the Washington, D.C., metropolitan are 





Unpublished data, Mass Transportation Survey, National Capital Planning Commission and National Capital Regi many of the employees were parking in the 
Council, 1955 adjacent apartment development, while still 









































on the basis of directional traffic counts made represent trips made during Monday, Thurs- others were brought to work by vehicles which 
throughout the week of the study at each of © day, and Friday, when the entire center was did not park. 
the eight access points shown in figure 2. open evenings. Saturday interviews were ex- The work-trip data presented in the follow- 
The interviews made on Wednesday were — panded to represent only Saturday trips. No — ing sections are only for the center employees 
expanded on the basis of hourly traffic counts attempt was made to adjust the data for any and nonecenter workers, e.g., carpenters and 
to represent trips made during the two days, | seasonal variations which might have existed delivery men, who parked their vehicles in the 
Tuesday and Wednesday, when a majority of No interviews were obtained from persons customer parking area. As a result, work 
establishments were closed evenings.  Inter- walking to the center or those arriving by bus trips are considered to be substantially under- F 
views made on Thursday were expanded to Pedestrian trips were omitted after the study reported. d 
) 
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Figure 2.—Physical layout of Seven Corners shopping center. 
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Table 2.—Distribution of gross rental space 
at Seven Corners shopping center ! 





Gross rental space 
Category of business Num- 
establishment ber Area Percent 
(square | of total 
feet 
Department store ? 210. 700 1? 
Apparel 14 100, 200 HY 
Food, drug, hardware 
Variety 7 46, OOO 10 
All other shopping 1 50, 500 Ww 
Eating | 15, G00 3 
Ser Vice H 4, 300 2 
Occupied space 0) 182. 700 U6 
Unoceupied space } 20. 100 j 
Ciross rental space 14 502. S00 100 











Data as of April 8, 1957 


Findings of the Study 


During the week of the study, a total of 


52,500 passenger vehicles, cartyving an esti- 
mated 96 300 persons, entered the Seven 
Corners shopping center. These volumes 


were distributed among the days of the week 
follows: 


as Monday, Thursday, and Friday, 


\W edne sday, 


12 pereent each; and Saturday, 25 percent. 


17 percent each; Tuesday and 
The volume of passenger vehicles entering 
the center by hour for each day of the week is 


Three 
One for those 


shown in figure 3. distinct patterns 


were observed days when the 
center was open in the evening: one for those 
days when the majority of the establishments 
and one for Satur- 
the lack of 
variation in the weekday 
volumes between the hours of & and 4 
The faet that the open 


an evening seems to have little or no 


were closed in the evening; 


day. Of particular interest) was 


any appreciable 
a.m 
p.m. center was 
during 
effect on the volume of shopping during these 


daytime hours. 


Peak traflic volumes 


The peak 


center occurred 


traffic 


Saturday 


the 
be- 


The greatest volume 


period for entering 


on afternoon 
tween noon and 5 p.m. 


during this sustained peak occurred between 


2 and 8 p.m. when a total of 1,550 vehicles, 
or 3 percent of the total vehicles attracted 
during the week, arrived at the center. If 


the volume for this one hour were expressed 
as a proportion of the average daily weekday 
traffie (the 


hour traffie movement), it 


usual base for reporting peak- 


would be equal lo 


21 percent of the total number of motor 
vehicles arriving at the center during an 
average weekday, Monday through Friday 
If both the arrival and departure of vehicles 
were considered, the peak hour of. traffie 
occurred during the same hour with a total 
movement of 3,100 vehicles. This volume 


wis also 3 percent of the weekly movement 
Although absolute peak volumes of traffe 
the 


respect. to 


are design of a 
the 


occur during 


important to center, 


particularly with 


the 


design of 
the 
hours of peak-traffie flow on adjacent arterials 


ACCESS, volumes which 
are also of considerable importance; especially 
this movement affect 
of the proper 
Monday-through-Friday 


the 
The 
peak-hour 
flow on the highways in the Seven Corners 


as it is which will 


operation highway 


normal 
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The 
of 


1,500 vehicle trips, arrivals plus departures, 


area occurred between 5 and 6 p.m. 


shopping center generated an average 
during this time period (the volume entering 
and exiting was evenly divided between the 
50 


approximately 


and 7 

SO 
had originated at home and were not 
part of the 
These 


1,200 home-based vehicle trips give some indi- 


arterials, Routes 
Of the 1,500 vehicle trips, 
percent 


two adjacent 


making intermediate stops as 


work-to-home rush-hour movement. 
cation of the additional demand placed upon 
the arterials in the immediate vicinity of the 
shopping center. If these volumes were not 
anticipated, this additional burden, conflicting 
traffie 


enough to cre 


with normal peak-hour movement, 


would be large vate a serious 
problem of traffic congestion on the arterials 


serving this type of commercial development 
Parking facility 


How much parking space should be pro- 
vided is always one of the major problems in 
the design of a shopping center. As may be 


seen in figure 4, there were only 10° hours 
during the study week when the accumulation 
of vehicles at Seven Corners reached 50 per- 
2,025 


accumulation of 


cent or more of parking space capacity 
On the 


vehicles surpassed the capacity of the parking 


spaces. Saturday, 


area by percent, resulting in considerable 


congestion within the parking area as well as 





customer willingly made a special added effo 
in the purchase of these goods. For the pu 

poses of this study, trips for shopping goods 
included and 


merchandise, such as flowers and jewelry. 


apparel, furniture, special 


Convenience goods were generally items 


which the customer desired to purcha 


frequently, immediately, and with a minimu 
of effort. Habit played an important part 
For t! 
purposes of this study, trips for this catego 
included food, 


merchandise, as well as personal services, suc! 


the purchase of convenience goods. 


drug, variety, and hardwa 


as barber shop, laundry, and = dry-clear 


establishments. 
The 


center 


arrive at tl 
that th 
the determinatic 


rate at which vehicles 


and the length of time 


remain are two factors in 
of the amount of parking space required at a 
The 
trip purpose at 
shown in figure 5. 


shopping center. average duration of 


parking by Seven Corners 
The most significant cor 
the 


duration of parking between trips to purcha 


parison to be made is difference in. the 
shopping goods and those made to purcha 
convenience goods. Fifty-five percent of the 
trips attracted for the purchase of shopping 
goods parked | hour or less: the average dura- 
tion of parking was 1.5 hours. 
89 of the 


venience-goods purchases parked for less than 


In comparisor 


percent trips attracted for 


COn- 


1 hour, with an overall average duration of 

































































at the entrances to the center parking of 0.8 hours.! The above percentages 
Figure 4 also shows the percentage of park- — Mean that given equal and sustained rates 
ing spaces used for the two major categories of arrival, shopping-goods traffic, on the 
of merchandise being purchased— shopping oe Phe curve in figure 5 pertaining to trips for the purp< 
goods and convenience goods. Shopping f eating is undoubtedly somewhat in error need 
goods were those which the customer, in the — the large percentage, 25 percent, of trips with durations 
process of seleetion and purchase, character- cae f1 hou Mhis error is felt _ be due to an oversig 
ie ‘ ies : n the survey procedures which did not ascertain whether 
istically compared the = suitability, quality, 1ot people coming to eat at the center were also plant 
price, and/or style of the goods; where the shop 
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Figure 3.—Volume of vehicles arriving at Seven Corners shopping center by time of duy 


and day of week. 
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Figure 4.—Accumulation of vehicles at 


average, required about twice as much park- 
ing space as did the convenience-goods traffic. 

To provide a measure of the overall park- 
ing requirements for the traffic generated by 
ihese two Classifications, the peak accumula- 
tion for each category, as shown in figure 4, 
was divided by the corresponding total weekly 
volumes of traffic. These measures, expressed 
in terms of parking spaces per 1,000 vehicles 
per week, were 48 spaces for shopping-goods 
traffic, and 26 spaces for convenience-goods 
traffic. For all purposes, 39 parking spaces 
per 1,000 vehicles a week were required. 


Trip purpose distribution 


The distribution of total trips arriving at 
Seven Corners shopping center by purpose of 
trip is summarized in table 38. Since the 
family is considered to be the basic consumer 
unit attracted to suburban shopping centers, 
the analysis of family trips has been empha- 
sized in this report. For the purposes of this 
study, a family was considered to be either a 
single member of a family or two or more 
persons of the same family residing in the same 
dwelling unit, and family trips were measured 
by the number of families represented by 
persons arriving at the center. 

\s indicated in table 3, 
merchandise attracted slightly more than three 


shopping-goods 


times the volume of family trips than that 
Which was attracted for convenience goods. 
The importance of apparel merchandise in 
altracting trips to the center is apparent 
because over one-half of the total travel to 
the center was made for this: purpose. 

The purpose distribution of all shopping 


ps made to the center, shown in table 38, 
indicated only the primary purpose for which 
at iTrip was made to the Seven Corners shopping 
center. Inasmuch as one of the stated ad- 
Vintages of a large regional center is to permit 
multipurpose shopping in a single stop, 
additional information was obtained to deter- 
tine the extent to which people planned to 
) for more than one category of merchan- 


1 before coming to the center. This is not 


to say that once the consumer began shopping 
al he center, other purposes were not consid- 
er 1; however, in the latter case, the secondary 


purchase was not considered by the individual 
Upon leaving his place of origin. 

the approximately 1,300 families inter- 
Vii ved who came to the center for the primary 
PU pose of shopping, only 1&8 percent planned 
to hop for more than one type of merchandise 


a! he time they arrived at the center. The 
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number of primary trips and the percentage 
distribution of the secondary shopping trips 
are shown in table 4. In general, families 
who were primarily at the center to shop for 
convenience items and services were more 
likely to also be shopping for other categories 
of goods than were those primarily interested 
This information would 
seem to indicate that although the regional 
shopping center offered a number of different 


in shopping goods. 


tvpes of merchandise which would permit 


multipurpose shopping at a single stop, the 
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Seven Corners shopping center as a percentage of the 2,025-vehicle-space parking area. 


center attracted only a limited percentage of 
trips due to this factor. 
Trip generation rates 

The rates at which trips were attracted to 
There 


is a noticeable difference in the rate of attrae- 


Seven Corners are shown in table 5. 


tion between the two major merchandise 
categories; the floor area devoted to shopping 
goods attracted family trips at a rate that 
was 20 percent greater than the floor area 


This differ- 


devoted to convenience goods. 


Table 3.—Volume of trips to Seven Corners shopping center, by purpose 






























































Weekly total of— 
Purpose of trips Vehicle trips Family trips Person trips 
Number. Percent | Number | Percent | Number | Percent 
Shopping goods as . “< 
Apparel_. 27, 573 52 31, 322 53 3,996 | 56 
Other 2, 465 5 2, 586 4 4, 071 4 
Unknown 1,877 4 2, 407 4 3, 555 4 
All shopping goods 31,915 61 36, 315 61 61, 622 64 
Convenience goods 
Food : 3. 768 7 3, 851 7 & 
Drug, hardware, variety 4, 337 & 4, 628 & s 
Services . ; 1, 836 4 1, 856 3 2 
All convenience goods 0, 941 19 10, 335 18 17, 269 18 
Total shopping... = 41, 856 80 416, 650 79 78, 891 82 
Work--- ‘ : 4, 248 s 4,849 s 5, 301 6 
Persona! business 5X1 1 670 1 877 \ 
Eat... = Z 4, $29 9 6, 161 10 9, 773 10 
Serve passenge! O68 2 O68 4 1, 426 l 
Total trips . 52, 482 100 ; 59, 298 100 96, 268 100 
100 ee  ~ lek 
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Figure 5.—The duration of time vehicles were parked at Seven Corners shopping center, 


by trip purpose. 
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Table 4.—Distribution of multiple-purpose family shopping trips 








Percent- 
age with 
Primary purpose Total no sec- 
ondary 
purpose 
Shopping goods: 
Apparel_. .| Bae M4 
Other. i a 2, 586 rt) 
Convenience goods 
Food__. ‘ $, 851 Ay | 
Drugs, hardware, variety -- 4, 628 04 
Services. - - e ‘ ‘ 1, 856 60 
Unknown.._.-- auc 2, 407 
Total or average 46, 650 s2 


Percentage of trips with secondary purpose 
Shopping goods Convenience goods 
a ee eee > oes 
| Drugs, 
Apparel Other Food hard- Services 
ware, 
variety 
4 4 7 l 
$ 1 4 2 
17 Ss = IS 3 
3 3 zs aca 
26 11 = 3 
| 
4 4 3 7 ] 
| 








Table 5.—Distribution 


of sales floor area and the trip-generation rates, by 


type of merchandise 








Sales floor 
or dining 
Classification area 
(square 
feet) 
Shopping goods 
es 132, 100 
Furniture. - ----- 16, 000 
Specialty items '____. 41, 400 
Total or average 189, 500 
Convenience goods: 
Food... 4 : - = 21, 700 
Drugs ieee 13, 900 
Hardware. aon en 9, 300 
Variety-.-- 14, 800 
Services. ._- ted ee RO gat 5, 800 
‘Total or average f 65, 500 
‘Total merchandise 255, 000 
Restaurant and lunch counters__-. 10, 000 
Gross rental area 3.........-... : ee 


Weekly volume of trips per 1,000 
square feet of sales floor area 
Percentage : s 
of floor area 
Vehicle Family Person 
trips trips trips 
42 209 237 409 
6 | 4 . ~ 
6 Ot 43 45 71 
74 168 192 325 
9 174 178 340 
t | 111 119 189 
6 I 
2 320 435 
26 152 158 264 
100 14 183 309 
483 616 O77 
pane 104 118 192 








1 Specialty items included jewelry, books, records, ete. 
2? Based on total gross rental area of 502,800 square feet. 


ence in rate of attraction, however, is some- 
what less when considered in terms of vehicles 
since persons purchasing shopping goods 
arrive, on the average, with slightly more than 
one family per vehicle. 

The aforementioned 
have been expressed in terms of total weekly 
traffic. If they were to be expressed in terms 
of average weekday traffic, they would be 


of the 


rates of attraction 


equal to approximately 15 
values shown in table 5, 


percent 


Geographic Distribution of Trips 


The spatial distribution of persons making 
trips to a regional center is important not 
only to the location and operation of a center, 
but also to the design and operation of adja- 
the distribu- 
tion of the market area helps determine the 
major directional movement of traffic to the 
In this article, only the results of 
trips to the Seven Corners shopping center by 
residents of the Virginia section of the Wash- 
ington, D.C., metropolitan area ? are analyzed. 
These trips accounted for approximately 89 
percent of the total travel to the center. 
The other 11 percent of travel, derived from 
the District of Columbia, Montgomery and 
Md. (6 percent), 
and all other areas outside those already noted 


cent and aecess arterials since 


center, 


Prince Georges Counties, 


?'The Virginia section of the metropolitan complex in- 
cluded all of Arlingten and Fairfax Counties and the 
cities of Alexandria and Falls Church. This area had a 
total population of 408,000 in 1955. 


106 


(5 percent), are not included in the following 
discussion. 

The accumulated distribution of trips by 
travel time for residents of the Virginia sec- 


tion is compared with the distribution  «f 
dwelling units in the same area in figure «. 
The more rapid increase in the curve of «| 
trip purposes, as compared to the curve «f 
dwelling units, indicated that a greater pe - 
centage or frequency of trips were made hy 
residents living close to the shopping cent: 

There was found to be an even distribution 
in the actual number of trips between t] 
areas designated as being inboard and oui- 
board from the center. However, as may | 
seen in figure 7, if trip frequency is compared 
rather than total volumes, there is a signifiear| 
difference in the distribution of trips. | 
general, the trip frequency to Seven Corners 
by families residing in the outboard area, was 
greater than those made by families residing 
in the inboard area. 


In figure 7, the extreme fluctuation in the 


3 curves representing trip frequency from 
the outboard area between 15 and 30 minutes 
is believed to be a result of the procedure used 
In summarizing trip 
information 
zones of the 1955 O-D traffic study were used. 


in analyzing the data. 
and population by distance, 
As a result, it was necessary to arbitrarily 
assign total zone figures to a single increment 
of distance even though zones in this general 
area were large and may have overlapped 
several time-distance bands. 

From the more densely populated inboard 
area, Where many of the competing commercial 
including the 
D.C., central business district, 


concentrations 
Washington, 


are located, 
there was an average attraction of 310 weekly 
family trips per 1,000 dwelling units. From 
the outboard area, which had no major com- 
the attraction 
556 weekly family trips per 1,000 dwelling 
units. This difference in trips indicates the 
marked effect that competing shopping cen- 
ters have on the rate at which trips will be 


peting centers, average Wis 


attracted to a shopping center. 
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Figure 


6.—Accumulated distribution of dwelling units and family trips made to Sevon 


Corners shopping center, by travel time and trip purpose. 
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Although the frequency at which trips were 
ttracted for both shopping and convenience 
oods decreased as driving time to the center 
nereased, the rate of this decrease, as illus- 
rated in figure 7, was less rapid for shopping- 
coods trips than for convenience-goods trips. 
Che relative shortness of trips for convenience 
oods is further emphasized by the informa- 
ion illustrated in figure 6; almost one-half of 
he trips for convenience goods were made by 
families residing within 10 minutes driving 
ime of the center. These families accounted 
for only one-fourth of the trips for shopping- 
goods purchases. Shopping-goods trips, on 
the average, tended to be approximately 25 
longer than the 


percent convenience-goods 


trips. 
Impact on Other Commercial 
Concentrations 


The estimated impact of the Seven Corners 
shopping center on trips to other commercial 


concentrations is shown in figure 8. These 
estimates are based on shopping travel data 
obtained from the 1955 Washington metro- 


politan area transportation survey and the 


assumptions that the frequeney with which 
people shop (i.e., trips per weekday per dwell- 
ing unit) would remain constant between 1955 
and 1957, and that the relative attraction of 
trips to the selected commercial concentrations 
other than Seven Corners would remain the 
same in 1957 as it was in 1955. 

Based on the above assumptions, the total 
number of shopping trips made by residents 
in 1957 within the Virginia section of the 1955 
transportation study cordon, was obtained by 
multiplving the estimated 1957 Cwelling units 
by the 1955 frequeney of shopping trips per 


dwelling unit. After these totals were re- 
duced by the average daily number of trips 
attracted to Seven Corners, the remainder 


was distributed to the other commercial cen- 
ters in the same proportion 


as thev were in 
1955. 
The three major commercial groups that 


compete with Seven Corners shopping center 
for shopping-goods purchasers were then se- 
lected for a comparison of shopping trips be- 
fore and after the establishment of the center 
Due to their close proximity and the relative 
the other, the 
data for the three separate commercial con- 


ease of traveling from one to 


centrations in the Clarendon complex and the 
two separate concentrations in the Alexandria 
complex were combined into single groups 
The third major commercial group was the 
Shirlington shopping center. 

At the time of the study, there 
department store at the Shirlington shopping 
The had 


department stores, both limited in size, 


Was ho 


center. Alexandria complex two 
while 
the Clarendon complex had three de partment 
stores of 120,000 square feet or more 

Within the 


methods of estimation, the results 


limitations imposed by the 
illustrated 
in figure 8 give an indication of the changes in 
the directional movement of shopping travel 
that 
the 


major point 


have resulted from the establishment of 
Seven rhe 


com- 


Corners center 
that the 


peting centers attracted fewer trips as a result 


shopping 


indicated is not 


of Seven Corners, for these losses will be offset 


for the most part by future population 


increases in the metropolitan Virginia area; 
but the fact that the 
frequency and volume of trips attracted to a 


rather, it points up 


given shopping center) from a particular 


distance or residential area are dependent 
upon the location, Composition, and size of 
that shopping center, relative to these same 
factors for other competing centers 


As this study was limited to an examination 
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possible to measure these “relative” char- 


acteristics with other commercial centers. 
Therefore, the relationships shown here are 
only indicative of the magnitude of the effect 
that 


habits and travel patterns of the area under 


Seven Corners had on the shopping 


study and are not directly applicable to a 
shopping center in a different setting. 

The loeation of the four commercial coneen- 
the distribution of 


shopping trips estimated for each concentra- 


trations and percentage 


tion is shown in figure 8 The areas, in which 
in 1957 each concentration attracted a greater 
did the 
other concentrations, are numbered I through 
IV to the Arabie 


locating each concentration. Also shown is a 


percentage of shopping trips than 


numbers 


correspond to 


comparison of domination for the vears 1955 


and 1957, before and after construction of the 
Seven Corners center. It may be seen that 
except for two areas, designated TA and ITA, 


each commercial concentration was dominant 
in the general area where the concentration 
located. the Clarendon 
complex was dominant throughout Arlington 


the 


was For example, 


County except for southwestern and 


extreme western Shirlington 


It was diffi- 


sections where 


and Seven Corners were located. 


cult) to explain the existence of the two 
exceptions, TA (where Seven Corners was 
dominant) and ITA (where the Clarendon 


complex was dominant), although there were 
several possible explanations. 
that 


adjacent to a 


One explana- 


tion Was each area was located on. or 


direct the centers of 
Another 


advanced was that there was a special attrac- 


route to 


dominance. possible | explanation 
tion to particular stores, especially department 
stores, within these centers as a result of such 
factors as charge accounts, quality, price, or 
type of merchandise, ete. (Fig. 8 is shown 


on following page.) 
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Figure 7.—Family trips per 1,000 dwelling units to Seven Corners shopping center, by travel time and trip purpose. 
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Figure 8.—Percentage distribution of estimated shopping trips to selected commercial concentrations in 1955 and 1957 
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The Effects of Enforcement on Traffic Behavior 


BY THE DIVISION OF TRAFFIC OPERATIONS 


BUREAU OF PUBLIC ROADS 


T IS GENERALLY BELIEVED that po- 

lice patrol significantly influences accident 
incidence, especially where the patrol is em- 
ployed selectively. In addition, there is some 
evidence to indicate that enforcement tech- 
niques affect the speed distribution of the traf- 
ficinits area (7).!. However, there has been no 
clear-cut proof in support of either of these 
effects of enforcement, that is, on accidents or 
speed. Furthermore, there are no data to dem- 
onstrate how the amount of patrolling is re- 
luted to changes in traffic behavior. 

The purpose of the study reported here was 
to examine the effeets of different degrees of 
First, 
it was hypothesized that the speed distribution 


enforcement on three traffic variables. 


of traffic should be affected in direct proportion 
to the amount of enforcement. Three specific 
effects or combinations of them are possible: 
(1) the mean speeds are significantly reduced; 
(2) the percentage of drivers exceeding the 
speed limit is significantly reduced; and (3) 
the variance in speed is significantly reduced. 
Second, if police patrol tends to inhibit drivers, 
they may then take alternate routes where 
available. Thus, it was hypothesized that 
traffie volumes on the patrolled routes should 
decrease while those on the parallel control 
routes should increase. Again, the change in 
volume should be directly related to the 
amount of enforcement. Third, if patrolling 
influences accidents, then it was hypothesized 
that accident incidence on the test routes 
should be reduced in direct) relation to the 
umount of enforcement. 

The experimental design and the data in 
this study were developed by the Traffic Insti- 
tute of Northwestern University as part of a 
cooperative project with the Bureau of Public 
Roads and the Wisconsin State Highway Pa- 
trol. The work was originally presented in a 
report by R. P. Shumate (2).? 

Che present study is a re-evaluation of that 

ta and arose in part out of a difference of 

inion over the statistical assumptions em- 
yed in the original analysis of the accident 
ta. The statistical assumptions employed 

e lead to different conclusions from the 

vinal report. The fact that there were dif- 
fvenees indicates that conclusions may be 

hly sensitive to the statistical analysis em- 
}oved, and that extreme care must be exer- 
© «din the choice of method. 

\ second and even more important reason 


extended analyses of these data concerns 
| design of the experiment. It is believed 


ilic numbers in parentheses refer to a list of references 
we 124, 

or ease in presentation, the study procedure as described 
ir. Shumate’s report has been incorporated in this article, 
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Reported by RICHARD M. MICHAELS, 
Research Psychologist 


A carefully controlled study was conducted on the effect of different amounts 


of highway police patrol on accidents, traffic diversion, and speed. 


Analysis 


of the data indicated that although there was no significant change between 


test and control routes in average speed or percentage over the speed limit 
there was a significant reduction in the variance of speeds which was directly 


related to the enforcement level. 
or accidents. 


However, no effects were found on diversion 
The latter finding was at variance with the original report of 


the study and was due to the nature of the assumption about the accident 


distributions. In 


general, the results of the study indicated that’ the 


effects of enforcement may be very subtle and may influence traffic behavior 


in a very indirect fashion. 


Finally, this article demonstrates the difficulties involved in the conduct of 


many kinds of field research. 


The inability to obtain adequate control over the 


experimental variables and the limited kind of measures available in’ such 
research often make interpretation of results difficult and generalization 


often suspect. 


that this study was one of the best designed 
studies that has been conducted in the enforee- 
ment area. It was actually because of this be- 
lief that a further analysis was worthwhile, for 
it allowed an insight into certain aspects of en- 
forcement as well as the problems inherent in 
It should 
be clear, therefore, that the differences be- 
tween the two reports are due to differences in 


the conduct of this type of research. 


the analysis and interpretation of the data and 
not to the design and conduct of the research. 


Summary 


The present study was an examination of 
the effect of differing levels of enforcement on 
three traffie variables: 


accidents, speed, and 


volume. It was hypothesized that as the level 
of enforcement was increased, accident fre- 
quency would go down; traffie would divert 
to alternate routes; and the mean and variance 
of the speed distributions would decrease. 
Measurements were made on four test routes 
in different parts of the State of Wisconsin. 
In three of the four cases a parallel control 
route was used, 

The results indicated that the first two 
No reliable 
reduction in accidents oecurred on any of the 


hypotheses were not supported, 


test routes when compared with their controls. 
No significant diversion of traffie occurred 


using deviation from volume trend as. a 


measure of change. For the speed distribu- 
tions, a decrease in mean speed was observed 
but was of the same order of magnitude as 
on the control routes. The variance of these 
distributions did, however, decrease for three 
of the four test routes while they did not for 
the control routes. The observed decreases 
were statistically significant. In addition, the 


decreases) gave some indication of being 


directly related to the level of enforcement. 
It was suggested that the results indicated 
that the effeets of enforcement on traffie 


behavior were, at the very least, indirect. 
The enforcement had a relatively small effect 
on all the variables measured. The reasons 
for this were felt to be the erudeness of the 
measures employed and the unreliability of 
measurements inherent in any field study of 
this magnitude. 


Procedure 


In October 1955, study of the distribution 
of accidents throughout the State of Wisconsin 
was begun to seleet four routes on which to 
conduct tests. The principal criterion for 
selection of the test routes was frequency of 
accidents. In order to have any possibility 
of demonstrating some effects on aecidents by 
enforcement, it was necessary to employ sec- 
tions having a large number of accidents, 
since the reliability of any accident reduction 
requires a reasonably large sample of accidents. 

Before January 1956, four test routes were 
selected. Each had an expected accident fre- 
queney high enough to provide an adequate 
sample. These routes, as shown in figure 1, 
are: 

Test route No. 1-26 miles of U.S. Route 41, 
a 4-lane, divided highway from the Illinois 
State line to the Milwaukee County line. 

Test route No. 2-52 miles of U.S. Routes 12, 
18, and 51 in Dane County of which approxi- 
mately 4 miles are 4-lane, divided highway 
with partial control of aecess and the re- 
mainder 2-lane highway. 

Test route No. 3-104 miles of U.S. Route 41, 
a 2-lane highway from the north Milwaukee 
County line to Green Bay. Parts of this 
section had to be eliminated from the study 
because of major highway construction. 

Test route No. 4-—208 miles of U.S. Route 12, 
a 2-lane highway from Baraboo to the Minne- 
sota State line. 

To insure that data from the test routes did 
not merely reflect a 


general decrease or 
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increase in accidents throughout the area, a 
series of control were established 
had approxi- 
mately the same length and the same design 


routes 


(fig. 1). Each control route 
standards as the test route for which it acted 
as a control, but was geographically removed 
from the test sites and was not subjected to 
any enforcement Each control 
route was evaluated in the same manner as 
the test routes. Such a control route 


available for three of the four test routes. 


increase. 
was 


Method of measuring enforcement 

To make meaningful comparions between 
test routes it was necessary to have a measure 
Common meth- 
ods of measuring enforcement effort 


of intensity of enforcement. 
use the 
number of recorded enforcement actions taken 
by officers in a specified time and area, such as 
arrest, citations, or warnings. Such methods 
were considered and rejected because proba- 
bility of violation and subsequent deteetion 
will vary considerably from one test route to 
The finally 


based on the probable frequency with which a 


another, method adopted — is 
driver traveling a section of highway could 
identified 
patrol vehicle, either stopped or in) motion. 


theoretically encounter a readily 
It is expressed as the average number of 
patrol units a driver would pass per mile of 
travel. Thus, 
R 
M M 
where: 
M-— The average number of miles driven 
for each patrol unit observed. 
M-= Miles of highway in the route under 
consideration. 
R—The number of patrol units assigned 
to the route. 


To study the effeet of various intensities of 
patrolling, as defined in the preceeding para- 
graph, it vary either the 
number of enforcement units assigned to each 


Was necessary to 
test section or the linear miles of highway. 
The difficulty of finding four short sections of 
highway which had a sufficiently large number 
of accidents prompted the decision to vary 
rather 
than varying the number of enforcement units 


miles of highway under enforcement 


and keeping the length of test section con- 
The variable mileage 
doubled for each test route while the patrol 


stant. highway wis 
units were maintained at eight for each test 
route, 
Methods of assignment 


Methods of 


routes 


test 


ns- 


within the 
Patrol units 
signed to test routes were relieved of all duties 
which would take them away from the test 
route. In 


assignment 


were standardized. 


those instances where assigned 
personnel were required to be away from the 
test routes for extended periods relief units 
were substituted, 

To distribute patrol evenly over the test 
route, enforcement units were assigned to 
miles in test 


route No. 4. 


route sections ranging from 3 


route No. 1 to 25 miles in test 


Knforeement units were required to work 
within their assigned sections except for emer- 
gencies or when in pursuit of violators. All 


enforcement units were readily identifiable as 
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Figure 1.—Highway test routes and control routes used in Wisconsin enforcement study. 


such, being marked by colored decals, two- 
tone color schemes, special number plates, 
roof lights, and police radio antennas. 
sionally unmarked units were used, but so 
seldom that any special effect they may have 
No attempt was 
made to standardize enforcement techniques. 


Occa- 


had would be negligible. 


Personnel had been taught several methods 
and were permitted to use whatever method 
seemed most appropriate at the time. 

In the interest of economy it was decided 
enforcement 


to maintain units on duty for 


only 18 hours each day. Study of aecident 
that 
IS hours of highest frequency each day ex- 
ceeded 80) percent of the total 
accidents occurring in any given period. 


patterns revealed accidents during the 
number of 
The 
peak 18 hours for each test area was predeter- 
mined and assignments made accordingly. 
Work assignments were varied for different 
days of the week to aceommodate differences 


in the daily accident pattern. 


the 
were 


of 24 
test 
units, each con- 


In January 1956, 
enforcement officers 
No. 1. 
sisting of a patrol car operated by a single 
uniformed officer, were assigned so that eight 
units were on duty for each of the 18 hours of 
highest accident frequency. 
men daily. 


first group 
assigned to 


route Enforcement 


This required 16 
The remaining eight 
relief for off, 

This method of assigning per- 
sonnel was followed on each of the subsequent 
test 

In April 1956, test route No. 2 
under patrol using methods 
scribed. In August and November of the same 
test routes Nos. 3 and 
were placed under police patrol. 
summarizes pertinent 
test 


men were 


used as days sickness, and 


vaeations. 


routes. 
was placed 
previously de- 
vear 4, respectively, 
Table | 
data concerning each 
route, 
Accident data 

Accident experience for each of the test 
routes was compiled by year from 1950 through 


Table 1.—Assignment of patrol units by test route 








Average Patrol units 
Duration | Milesof | Men as- | units on passed by 
Route No. Patrol began of patrol, | highway | signed duty (18 average 
months | hours) vehicle per 
mile of driving 
1 January 1956 24 26 4 S 0. 307 
2 April 1956 : 18 52 24 Ss . 154 
3 August 1956 17 104 24 S 077 
4 November 1956 13 208 24 | 8 . 038 
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Table 2.—Accident data on the experimental routes for years 1950-57 








Number of accidents on route No, 1 Number of accidents Number of accidents on route No. 3 
on route No, 2! 
Test route Control route Test route Test route 
Year 2= a 
| Fatal Property- | Fatal Property- Fatal Property- Fatal Property Fatal 
and non-| damage- |andnon-| damage- andnon-| damage- | and non damage ind non- 
fatal only | fatal only fatal only fatal only fatal 
injury injury injury injury injury 
1950_ 88 92 24 26 83 108 58 84 97 
1951 83 143 s 34 108 165 6 112 31 
1952 100 } 136 | 14 15 102 187 65 7s Al} 
1953 7 219 16 28 101 201 5 S7 29 
1954 109 170 15 24 a7 19 Av 4 27 
1955 94 154 24 21 14 200 Hy Ss 2Y 
1956 78 190 17 31 114 187 SI + | 33 
1957. 42 176 Is 22 102 167 D2 th 3h 


Control route 


Number of accidents on route No, 4 


Test route Control route 


Property- Fatal Property- Fatal Property 
damage- and non damage- and non- damage 
only fatal only fatal only 
injury injury 
4] 223 320 St 164 
67 107 315 87 17s 
17 219 388 126 ISS 
Ma 221 377 5 160 
1s 131 327 OS 71 
WW) Is4 $27 92 167 
37 Isv 315 O7 71 
17 170 24 7 144 








! No control route. 


1957. These data were obtained from spot 


maps maintained by the State Highway 


Commission. Since Wisconsin law required 
every driver involved in an accident) which 
exceeded $100.00 in total damage, or where a 
physical injury was sustained, to submit a 
report. to the State Motor Vehicle Depart- 
ment, information on the spot maps was 
compiled from the accident reports. 

Accident data included accidents occurring 
throughout all 24 hours of the day. Lack of 
complete records made it impossible to sepa- 
rate accidents occurring only during the 18 
hours each day that enforcement units were 
on duty. However, because on the average 
80 percent of all accidents occurred during the 
IS hours of increased enforcement effort, it 
Was assumed that changes in this large a 
portion of the total would not influence the 
magnitude of the entire sample. 

Traffic volume data on each test section were 
obtained by vears from 1951 through 1957 
from the State Highway Commission. © Sam- 
ples of vehicle speeds at selected locations 
Within the test areas were also obtained for 
periods of time both before and after the 
beginning of patrol operations. 


Application of the chi-square test 


\ different statistical analysis was used for 
each hypothesis tested. For the accident 
data, in all but one ease, a 2X2 chi-square 
test Was employed to compare test and control 
routes for the 2 vears, 1955 and 1957. In the 
single exception, route No. 2, where there was 
no control route, a simple chi-square was 
computed for the test route over the same 2- 
year time period. Thus, the chi-square test, 
In utilizing only 2 vears of data—the before 
and after time period—disregards all other 
historical data that were available. 

i the original report of this study, the 
assumption was made that 
po-itive trend in accidents over time. 


there was a 
There- 
for-, a trend line was fitted to the accident 
fro sueney, covering a 9-year period for which 
accident data were available. On this basis 
it vas possible to predict what the accident 
frjueney should have been in’ subsequent 
yeors if there had been no enforcement. By 
Measuring the deviation of the accident 
fr jueney for the period of increased enforce- 
Mot from that predicted by the regression 
lit. it was inferred that a significant reduction 
in accidents occurred on the experimental 
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routes. The existence of a trend was an 
extremely strong assumption, and it could not 
be wholly validated from the data. If, in 
fact, there was no reliable trend, then use of a 
trend equation with a positive slope would 
tend to insure a significant reduction in post- 
enforcement vears. 

Use of the chi-square test does not require 
such strong assumptions. On the contrary, 
the chi-square is a conservative test which 
used the control route data as the basic deter- 
minant of any significant changes in accident 
frequency on the experimental route. The 
test assumed no change in accident frequency 
from before to after, or that any changes in 
the test routes were due to factors extraneous 
to the enforcement variable which may have 
been expected to influence the control route 
equally. 

The volume data were analyzed by measur- 
ing the deviation from the volume trends for 
the vears 1950-56.) Thus, a trend line was 
fitted to the data for these vears. Changes 
occurring in volume in 1956 and 1957 were 
determined and compared with the volume 
expected on the basis of the trend line The 
assumption that traffic volume is increasing 
With time is a reasonable one on the basis of 
national data (3 

The speed data were analyzed using the 
analysis of variance. The mean and standard 
deviation of the speed distribution on each 
route were computed for both the before vear 


(1955) and the after vear (1957 It was 


possible then to make comparisons both within 
and between each route. 


Results of Analysis 


The aecident data for the test and control 
routes for the vears 1950 1957 are shown in 
table 2. 


data are 


Analysis of the before and after 
shown in table 38.) On all routes 
except No. 2, a 22 table was available and 
a chi-square test performed. 

In the chi-square tests, the .05 level of 
significance was used. That is, the hypothesis 
that there was no reduction in accidents was 
rejected only if the measured decrease in acci- 
dents could have occurred by chance 5 or less 
times in 100. As may be seen, only in the 
case of test route No. 2, having 0.154 patrol 
units passed per mile, was there a significant 
In this 
one case, no control route was available se 


reduction in fatal or injury accidents. 


that a simple comparison was made between 
1955 and 1957. 


2 that 1955 was an abnormally high vear for 


It should be noted from table 
accidents on this route. Consequently, aserib- 
ing a reduetion in aecidents to the increased 
patrol was probably unwarranted. Compari- 
son of the accident data on the test routes with 
those of the rest of the State and with all the 
control routes are also shown in table 38.0 As 
may be seen, a significant reduction in number 
of accidents, both for test and control routes, 
occurred for all conditions except for property- 
damage-only accidents where the combined 
test and control data were used. 


Table 3.—Effects of enforcement level on accidents, by test and control routes 








Patrol Number of fatal and non Number of property-damage 
units fatal injury accidents only accidents 
passed 
Route No. per mile Year 
on test Test Control Signifi Test Control Signifi 
route route route cance of route route eance of 
change | change 
] 0. 307 1955 4 24 N.S. 154 21 N.S. 
1957 72 1S 176 22 
+ ees 154 1955 144 P=.05 200 N.S. 
1957 102 167 
3 077 195 69 29 N.S. 5 4) P<—.05 
1957 2 36 56 47 
4 > 038 1955 184 92 N.S 327 167 N.S. 
1957 170 97 2s4 144 
Combined test routes vs. |) 1955 5Ol 3, 788 7H6 6,711 P<02 
State totals j 1957 306 4, 222 P<.01 683 6, SY 
Combined test routes vs. |) 1955 AO] 145 P<.05 THb Qos N.S. 
control sections { : 1957 396 151 HSS 213 








1 N.S.=not significant. 
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Table 4.—Comparison of changes in traffic 


volumes on test routes Nos. 1 and 4 after 


increased patrol with traffic volumes on control routes with no increase in patrel 





Test route 





Control route 








No. 1 No. 4 No. 1 No. 4 
Year 

Change Levelof Change | Levelof | Change | Level of | Change | Level of 
from ex- signif- from ex- signif- from ex- signif- from ex- signif- 
pected icance ! pected icance ! pected icance ! pected icance ! 
value value value value 

1056 1.3 N.S +6) N.S. 

1057 8.7 P> 07 2. 62 N.S +3. 2 N.S —1.5 N.S 

INS. =not significant. 


These results indicate that for the more dis- 
criminating Comparison between the matched 
test and control routes there appeared to be 
little reliable effeet due to enforcement.  Re- 
gardless of level of patrol, the differences be- 
tween test and control routes were consistently 
small. Also, the significant differences found 
on comparing test routes with the State as a 


whole had to be interpreted with caution, — Al- 
though enforcement may have been one of the 
determining influences, at least two other 


alternatives are possible. One alternative is 
the frequencies of the test 
which may have been abnormally high prior 
to the study period. 


accident routes 
In this case accident fre- 
quencies would reasonably show a regression 
toward the expected value thereafter. This 
would appear as a significant reduction when 
compared to the more reliable State figures. 
A second alternative coneerns the large num- 
bers of statewide accidents relative to the test 
route frequencies. Very large cell frequencies 
in only one of the two halves of the matrix 
used to compute the chi-square increases the 
probability of a significant chi-square, regard- 
less of the magnitude of change ‘in the half of 


the matrix with the lower cell frequeney. 
keither of these alternatives could account for 
the anomalous differences among the data 


shown in the tables. 
Traflie volumes and speeds 


The results on changes in traffie volume are 
shown in table 4.) For the change in volume 
over the 7-year period, a trend equation was 


derived by using the method of least squares. 


on neither test nor control routes did the vol- 
ume change significantly. Consequently, it is 


did 


not cause a significant diversion of traffie re- 


reasonable to conclude that enforcement 
gardless of the intensity of enforcement. 

A sample of approximately 3,000° vehicle 
speeds was obtained for both 1955, the last 
prepatrol year, and 1957, the first full vear 
that patrol units were operating on all test 
sections. 
the 
vears, 


A control sample of approximately 


same size was obtained for the same 2 
The control sample was obtained from 
highways having characteristics of design and 
volume similar to the test but far 
enough removed from the test routes to mini- 


mize any carryover effect from enforcement. 


sections, 


The speed samples were taken by the highway 
department as part of their annual survey of 
vehicle speeds and were obtained during day- 
light hours and while traffic was moving freely. 
All samples were taken at points where speed 
limits were 65 m.p.h, for passenger cars and 
15 m.p.h. for trucks. 

The statistics of the speed distributions for 
passenger cars and trucks are shown in table 5. 
In general, the mean speed for both trucks 
and decreased both test 
from 1955 1957. In 


view of this, it is difficult to place much re- 


passenger Cars for 


and control routes to 
lianece in a hypothesis that inereased enforce- 
ment reduced the average speed of vehicles. 
While there were definite decreases in average 
speeds in 1957, as compared with 1955, such 
decreases followed a similar pattern through- 
out the State and could not be related to an 


increase in enforcement activity. 


creases in the proportion of vehicles over thi 
speed limit, there was little evidence to sup- 
port the hypothesis that this was due to thi 
increased patrol. 
Difference in variance 

The variances on the test and control route 
were compared using an F test. The F 
is a test of the differences between variances 


tes 


(S?) and is the ratio of the larger variance t« 
the smaller. The data are shown for passen- 
ger cars and trueks in table 6. It should be 
that for there 
significant 


noted cars 
in the variability. in 
speed in three of the four test routes but in 
of the For trucks 
only, test routes Nos. 1 and 4 show a signifi- 


passenger Was i 


reduction 
none control sections. 
decrease. 
No. 4 also showed a significant change 

1955 1957. It should further 
noted that the magnitude of the F test ratios 
decreased for the first three test routes as the 
of This 


occurred for both passenger cars and trucks 


cant 
for 
from 


However, the control rout: 


to be 


amount enforcement decreased. 
A plot of the variance ratio against enforce- 
level in figure 2. For the 
enforcement levels of zero shown in the curve, 


ment is shown 
the values of the ratio of speed variances were 
obtained by averaging the ratios for the con- 
trol sections as shown in table 6. 
indicate that 


This may 
one effect of enforcement to 
cause drivers to cluster more nearly about the 


is 


mean speed and to do so in some relation to 
the frequeney with which drivers as a whole 
encounter police patrol. 


Discussion of the Data 


The results of this study as analyzed here 


indicate quite clearly that any effects of 
enforcement on traffic behavior are quite 
indirect. In part, this was due to the 


measures used to infer the effeets of police 
patrol. Accidents are arn obviousiy inefficient 
measure. They are rare events in both time 
The 


variety of contingent factors underlying their 


and space, having complex causes. 


occurrence limits their use as a reliable eri- 
of 
under the 


terion improvement techniques except 


restricted of conditions. — lh 
the normal field situation this is rarely the 


most 





Control limits were derived using the standard The percentage of drivers exceeding the ease. In addition, the number of interacting 
error of estimate. The volume in the test speed limit followed the same pattern as the — factors involved in the generation of an acci 
year was compared with what was expected mean speeds. There were decreases from dent are generally so large that the effect of 
on the basis of the trend equation. The level 1955 to 1957 on both experimental and control any one variable will be negligible. Sue! 
of significance column shown in the table isthe — routes. However, the changes on the test complexity almost insures defeat in the isols 
probability of the observed change in volume — routes had no clear-cut relation to enforce- tion of the influence of enforcement 0! 
being due to mere chanee. As may be seen, ment level. Thus, although there were de- traffic behavior. 
Pable 5.—Speeds of passenger cars and trucks on test and control routes for 1955 and 1957 
Test routes Control routes 
Route No 1955 1957 1955 1957 
Mean Standard Sample Mean Standard Sample Mean Standard Sample Mean Standard Sample 
deviation size deviation size deviation size deviation size 
. | | 
Passenger cars VI ph. Vf.p.h \f.p.h \f.p.h Mf.p.h Vopr. M.p.h. | M.p.h. 
HO. 64 7. 88 S0o 56. 79 1.74 911 55. OO 7 410 51.80 | 8.76 419 
2 54.56 8.78 1,512 54. 58 7. 54 "4 AO, 23 s SUS $8.15 | 8.35 1,127 
3 f2. 53 (sS 73 16.68 7.34 S7U 57.04 s 7S0 54. 62 | RAY 661 
4 57.52 7.25 910 5.74 6.60 916 49. 32 7 505 46.35 7.94 1,189 
| 
Trucks | 
{8.21 4.31 140 412.50 135 19.17 1 93 41.75 3.97 127 
2 0). 51 6.16 oS 13.45 120 48. 75 74 160 $2.62 6.49 125 
3 51. 25 OS Iso 44.07 147 53.72 6 1492 44. 37 6.01 147 
{ 17. 58 4 197 15.40 186i 19.12 5.12 77 43. 33 6.86 186 
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tnforcement influence on speed 

It would seem more reasonable to examine 

feature of traffic behavior more directly 
ensitive to events occurring in traffic and 
vhich are under the conscious control of the 
lriver. This is generally the case with vehicle 
peed, for this is one of the basic modes of 
the driver and 
hould be, therefore, one to which he is most 
esponsive. It would that 
speed would be a primary dimension that a 


ehiele control available to 


seem reasonable 
driver would employ to compensate for any 
pressure he felt from the presence of enforce- 
Thus, would be 
variable for detecting the influences of en- 
forcement on traffic behavior. 

The 
iuv Operate to influence speed changes are 
complex. 
symbols, i.e. 


nent. speed one basic 


mechanisms by which police patrol 


obviously However, such social 


police, may be expected to 
function at least as agents for inducing con- 
formity in behavior. In terms. of 
drivers’ speed responses this may take one 


of two forms. 


social 


First, those drivers who are 
exceeding the speed limit would be the ones 
most Therefore, it is 
reasonable to predict that the proportion of 
the drivers exceeding the speed limit should 
Comparison of the test and control 
1955 and 1957, 


indicate that such a hypothesis is not sup- 


responsive to pat rol. 


decrease. 
routes for the study vears, 
ported, Although there was a reduction in 
the proportion of drivers exceeding the speed 
limits, this reduetion was similar on both 
control and test routes. 

The second hypothesis is that patrol in- 
fluences all drivers. In the case of speed, it 
is most reasonable to believe that any move- 
ment toward conformity would take the form 
of a general regression of all speeds toward 
the mean of the traffie stream. This would 
naturally lead to a reduction in the variance 
of the speed distribution. The data obtained 
in this study indicate that this second hy- 
pothesis is quite reasonable. table 6 
that for ears in 
of the four test 
reduetion in 


From 


it may be seen passenger 


three routes, the amount of 
variability of speed seems to 
decrease in direct proportion to the amount 
of enforcement. 

These data are of interest in light of some 
‘ent findings on the relation between acci- 
dent rate and travel speed (4). 
it the rate 
pidly for vehicie speeds less than 40 m.p.h. 
These 


It was shown 


accident involvement rose 


speeds were observed on roads on 
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LEVEL OF ENFORCEMENT-PATROL UNITS PASSED PER MILE OF DRIVING 


Figure 2.—The change in the variance of speeds under different levels of enforcement 


(Numbers 1-4 represent the test routes). 


which the average speed was 52 


m.p.h. \ 


similar, but less conspicuous, increase Was 
observed for speeds in excess of 75 m.p.h 
on the same roads. Thus, drivers operating 
in the extremes of the speed distribution 


tended to come into traffie conflict more fre- 
quently (on a rate basis) than those travelling 
ator near the mean. This suggests that when 
the variance of the speed distribution is high, 
the frequency and magnitude of the speed 
difference judgments that drivers must make 


Any 


judgments require may be similarly extreme 


are also high. corrective action these 


Consequently, errors of judgment or response 
may be magnified sufficiently to generate an 
accident. In light of this analysis, the present 
data are suggestive of a way in which enforce- 
ment For if, in 
reduction in the 


may influence accidents. 
fact, police patrol causes a 
variance of speed, then it would reduce the 
frequency of extreme judgments and decisions 
Thus, 


in driving. the driver would be forced 


Vable 6.—Differences between variances (S?) of passenger cars and trucks for 1955 and 


1957 





Test routes 


Route No. 


S?(1955) S2(1957) F 

Passenger cars: 

1 62.09 | 22. 46 2.76 

2 77.08 | 58. 37 1. 35 

3 50.12 | 53.87 | 1.07 

1 e 52. 56 43. 56 | 1. 21 
lrucks: | 

1 = 18.57 | 7. 39 2. 51 

4 % 37. 94 30.47 1. 24 

3 * 25. 80 30. 69 1.19 

4 - 34.10 23. 22 1.47 


Control routes 
Proba- S2(1955 S2(19547 } Proba 
bility ! bility 
01 61.77 76. 73 1.18 N.S 
<.01 74.13 69. 72 1. 06 N.S 
N.S. 71.74 79. 03 1.02 N.S 
<.01 60. 99 63. 04 1.03 NS 
01 21. 62 15.76 1. 38 N 
N.S 54. 31 42.12 1.29 N.S 
N.S. 43. 82 36. 12 1, 21 N.S. 
01 26. 21 47.06 1.78 01 








1N,S.=not significant. 
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with their 
attendant possibilities for extreme errors, i.¢., 


to make fewer extreme responses 
accidents. 
If this is, 
patrol does funetion, then it is understandable 
little 
accidents and level of enforcement activity. 
First of all, would be related to 
accidents only through second order or mediat- 
Its effeets 


Secondly, speed. is 


in faet, one way in which police 


why reliable evidence exists relating 


policing 


ing processes, e.g., speed. would 


then be highly indirect. 
not a unique determinant of accidents, but 
Thus, 


all accidents in which speed differences are an 


only one of many. the proportion of 


important determinant may be a relatively 


small part of the total accident distribution 


Consequently, the accident reduction oc- 
curring when enforcement is inereased will 
vary ip each situation depending upon the 
tvpe of interactions among the variables 
determining the accident distribution. From 
the present data, it would appear that speed 
variability, on the test routes used, repre- 


sented only a small factor in the total accident 
process. 

It should be pointed out that the results of 
this study do not offer clear proof of the above 
The best suggestive. 


Several considerations prevent an unequivocal 


analysis. data are at 


interpretation of the data. One consideration 
is the obvious discrepancy in the data for test 
No. 4 had the 
enforcement. table 6 it 


that this route showed a significant reduction 


route which lowest level of 


From may be seen 
From the available data 
it is difficult to explain this change. 
test No. 


in speed variability. 
However, 
of the four 


route ! was the longest 


(Continued on page 124) 
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Appraisal of 0-D Survey Sample Size 


BY THE DIVISION OF HIGHH 
BUREAU OF PUBLIC ROADS 


INDIVIDUALS has the 


b prenilae BY 
characteristic of being habitual.  lurther- 


more, the travel habits of different individuals 
are similar for the many types of trips gen- 


erally made. For these reasons, sampling 


procedures, such as the home-interview type 


of origin and destination developed 


by the Bureau of Public 
to determine travel information for a 


SUrVES 
fouds, can be used 
metro- 
politan ares. 

The 


from oa 


accuracy of information developed 


home-interview survey, and indeed 


from any type of sampling procedure, is to an 
important degree dependent upon the sampl- 
ing rate used. Sampling rates employed in 
origin and destination surveys have usually 
been based on population and area. Ina 
large, densely populated area a smaller sam- 
pling rate is used than in a small, less densely 


The 


mined is based, predominantly, on the number 


populated area. sampling rate deter- 


of interviews needed to provide a reliable rep 
resentation of the overall travel in the city. 
The zone-to-zone movements developed, how- 
ever, have been used to present a picture of 
travel desires and to aid in the location of 
needed transportation facilities. 

The results of an origin-destination survey 
are also accumulated on, or assigned to, pro- 
posed highway facilities for design considera- 
tions. How aecurate are these accumulated 
values that have been expanded from the sur- 
vey sample to represent average daily move- 
ments? The purpose of the study, herein re- 


ported, was to determine the relationship 


between the home-interview type of origin 


and destination survey sampling rates and the 
accuracy of volumes that) are accumulated 
therefrom. 

Measures of the accuracy of accumulated 


volumes have been determined for various 
sampling rates and predictive equations de- 
veloped for determining the sampling rate 
needed for a desired accuracy 
affects the 


volumes used for design purposes, an estimate 


at any volume. 
Since sample rate accuracy of 
can be made of the frequeney that facilities 
so designed will be loaded beyond capacity or 
conversely, the frequency that such facilities 


will have more lanes than are actually required. 
Source of Data 
The data used for this study were developed 


1O57 


traffic sur- 


from the home-interview phase of the 


Phoenix- Maricopa County, Ariz., 

his article was 
of the 
uary 1060 


presented at the 39th Annual Meeting 


Highway Research Board, Washington, D.C., Jan 
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AY PLANNING 


Reported' by ARTHUR B. SOSSLAU and GLENN E. BROKKE, 


Highway Research Engineers 


The objective of this research was to determine the relationship between 


home-interview type of origin and destination survey sampling rates and the 


error that can be expected in the volumes accumulated from such a survey. 


The data analyzed were taken from the home-interview phase of the 1957 


Phoenix-Maricopa County, Ariz., traffic study. 


Since individual zone-to-zone 


movements have insufficient volume to be reliable indicators, a method called 


“trip tracing” 
for statistical study. 


was used to accumulate individual sone-to-zone trip volumes 


The results indicate that the accuracy of accumulated trip volumes is con- 


siderably less than the accuracy predicted by a purely theoretical approach. 


However, the results agree qualitatively with theory in that the accuracy of 


trip volumes varies with the square root of sample size and very nearly with 


the square root of the volume. 


The equations developed should allow the 


selection of a sample rate commensurate with the funds available and the 


degree of accuracy required. 


The 


vey. survey area covered 225 square 
miles and contained a population of 397,000 
persons. Of the survey area, the city of 
Phoenix occupied 36.35 square miles and 
included 192,500 persons. The survey area 
was divided into 135 zones, which were 


smaller in area in the downtown section of 
Phoenix and larger in the outlying areas. 
The sample rate used in the home-interview 
phase of the origin and destination survey was 
1 in every 15 dwelling units, or 6.67 percent. 
This rate resulted in a total sample of 8,743 
The 


units. 


dwelling trips) analyzed were 
those having both origin and = destination 


regardless 
The total 
expanded number of internal trips was 839,398 


within the survey area. 


All trips, 
of mode of travel, were considered. 


Separated by mode, it was as follows: 
Automobile drivers 548, 439 
Automobile, truek, and taxi 


passengers 233, 536 
Bus passengers 57, 423 
The survey personnel had cheeked the 


1950 


decennial census and the 19538 special census 


expanded household data against the 


with satisfactory results. 
had 


ground 


Also the expanded 


travel data been compared with two 


during the 
The survey data accounted for 89.3 


screenline counts made 
survey. 
percent of the vehicles crossing the screenlines 


from 6 a.m. to 10 p.m. on an average weekday. 


Method of Study 


Individual zone-to-zone movements  ob- 


tained from a home-interview type of origin 
and destination survey cannot be used as the 
basis for sound conclusions regarding sample 
size due to the predominance of small volume 


Any 


eCOnomic 


movements between many zones.? 


sample size, within the limits of 


feasibility, would be too small to produce 


accurate expanded values for these small 


movements; but the individual zone-to-zone 


movements do not necessarily have to be 
accurate if their summation reasonably repre- 
sents travel accumulations throughout a city. 

A method referred to as trip-tracing,? has 
provided the means for determining and 
checking distribution of travel throughout an 
By this method zone-to-zone movements 
straight line 
After the 


equation of the straight line between the two 


area, 


are traced across a citv in a 


between origin and destination. 
zones has been obtained, the points of inter- 
section of this line with previously established 
The 


trips being traced is added to volumes previ 


eridlines are determined. volume of 


ously accumulated, for other zone-to-zone 
movements, at the seetion of the gridline being 


After all 


have been similarly traced across the city, 


crossed. zone-to-zone movements 
the result is the accumulated number of trips 
per section of gridline. 

The length of the sections of gridline, in 
which the volumes are accumulated, is chose: 
in accordance with the size of the accumula 
tions desired. If large accumulated volume: 
are desired, large sections are used, and vic 
versa 

A grid system was superimposed over th 
Phoenix-Maricopa County traffie study are 
and is illustrated in figure 1. The southwes! 
corner of the city was designated as origi 
of the rectangular coordinate system. Nort! 
south gridlines were placed at 2, 3, 4, 5, 5.4 
St; & B Te. 1. 
and east-west gridlines at 4, 6, 7, 8, 
1G, Ti, 32, fs, 
The closer spacing of gridlines was at th 


and 14 miles from the origi! 
a 


and 15 miles from the origi 


more densely populated part of the stud 
2 Kraluating trip forecasting methods with an electro 
computer, by Glenn E. Brokke and William L. Mert 


Prentice Roaps, vol, 30, No. 4, Oct. 1958, pages 77-87. 
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Table 











using more of a road network than shorter trips. 


» 
>. 


the Phoenix-Maricopa County trips 





The resulting accumulation of trips pre- | survey area. Computer programs 


sents a picture of travel analogous to accumu- developed to handle the various 





rea. Each gridline was broken into '4-mile 1.—Volume group summary 
ctions for volume accumulation purposes, 
ence oe =i ; eee Volume group range Number of Mean volume 
s shown diagrammatically in the upper right Veboie asian Ni ze daily aanbinnn iwotia of group 2 
yner of figure 1.) The north-south gridlines person trips volumes within | (average daily 
= ° . range ! person trips 
ere 17 miles long and the east-west lines, 
ae ir ge re BON) 1/_mile 
6 miles long. This resulted in 1,520 '4-mile ' ae 199.9 268 11 
‘etions (17 miles & 4 sections per mile X 12 2 200.0- 399.9 SS ON. 2 
P . > “ “ ‘s 3 100.0 509.4 64 1X6}. 7 
eridlines 16 miles $f sections per mile { 600.0 7Qu. 4 15 682.0 
e e rp 5 MIM) ¢ VQ. 6 ne 3 
11 gridlines). The volumes accumulated stat a ' 88.3 
nu the '4-mile sections ranged from 0 to 35,000 6 1,000. 0- 1, 499. 9 sO) 1, 244.5 
7 1, 500. 0— 1,999.9 56 1, 763.4 
trips. rv 2 OOO. O- 2, 499.9 5S 2 wad. 4 
gs vat 7 » "Hea ~ ‘ arta -_ Y 2, 500. O-— 3, 499.9 Re} 2 GOS 6 
Features of the procedures that have been 10 5 500. 0- 4499.9 69 O01. 4 
leseribed are as follows: 
ah . ‘ 1] 4, 500. 0- 5, 499.9 42 5, 020. 9 
1. The result of the trip-trace accumulation 12 5. 500. 0- 7,999. 9 67 6, 759. 3 
. ° . ° ° ° 13 8, OOO. O-— 4, 999.4 1] S,YOL S 
sa spatial distribution of trips throughout 4 10’ 000. 0-14. 999. 9 24 12 oe ; 
the city representing the travel desires of the 15 15,000 and over 2s 21, 689. 9 
population. The trips are traced in such a 
manner that each zone-to-zone movement is 1 — or sections ot equal 1,520 since some sections did not have any trips traced 
jf 5 icross them 
made by the most desirable path ——a straight ? The mean volume was ( the total sampl 
line. 
2. Long trips are weighted more heavily readily adaptable to computation on an elec- erally, the following computations were 
than short trips since more gridlines are tronic computer of medium size. Therefore, — carried out: 
crossed. This is analogous to long trips «a computer program was developed to trace 1. From the coordinates of the two zones 


across the being handled, the equation of the straight 


were also — line passing between them was determined. 


Statistical 2. The points of intersection of the line 




























































































































































































lations of trips on a street system. computations that were necessary for this and the north-south and east-west gridlines, 
The trip-tracing procedure, much too — study. A simplified flow chart of the trip- to the nearest quarter of a mile, were deter- 
lengthy for manual computation methods, is — tracing program is shown in figure 2.) Gen- — mined. 
3. The number of trips being traced were 
OUTLINE OF SURVEY AREAL I | then added to the volumes prey iously aeeumu- 
l lated in the computer memory locations rep- 
a a5 | ] resenting the 1,520 '4-mile sections. 
| | 4 - m | All of the internal  Phoenix-Maricopa 
15 t | 4 Hoty ty | County home-interview trip ¢ards, represent- 
| - ss ing the expanded results of the L-in-15 
| | ae +t} ++T4 ela dwelling-unit sample, were processed through 
1/4 MILE SECTIONS abd * t the trip-tracing program to determine the 
13 FOR ACCUMULATING oe ae | ak = spatial distribution of trips throughout the 
survey area. The original deck of cards was 
) VOLUMES | then sorted by sample number into two one- 
: 12 t T a + half subsamples, each representing a 1-in-30 
| | dwelling-unit) sample. Each one-half sub- 
: se ee. +— 7 sample was then separately run through the 
z < CENTRAL | computer to determine the spatial distribution 
4 x 10 BUSINESS ce — T 7 of the two) I-in-30) dwelling-unit) samples. 
= ° DISTRICT. | Similarly, the original deck was systematically 
oz 9 << + + +——J stratified by sample number into 8 one-third 
is “ 8.3 = a - 7 7" | aka subsamples, and 10 one-tenth subsamples, and 
; = u og decossal each subsample processed through the trip- 
| . ” ol tracing program. 
- — ‘——— oo ] 1 Statistical procedure 
YW 2 | 
a ea 6 ; ad : a a ee = Use of the total Phoenix-Maricopa Counts 
: l | traffic survey data resulted in) accumulated 
average daily volumes, in the 1,520) '4-mile 
= 1 ] “| 1 sections, ranging from 0 to 35,000) person- 
trips. Similarly, each of the subsamples 
4 a a | oar 7 : processed through the trip-tracing program 
ORIGIN | | resulted in accumulated volumes in cach see- 
_ , ++ T a tion It should be noted that. as enech 
- wa subsample zZOne-to-zone movement Was traced, 
eo + T | the volume was expanded to represent actual 
— [— movement For example, as cach one-third 
| + —— subsample trip card was processed, the trip 
wa 5|5 factor on the card was multiplied by three, 
B The data resulting from the trip-tracing 
2 Z 7 5 6 7 8 Ss 10 12 14 program were analyzed by comparing, on 4 


NORTH-SOUTH GRIDLINES 
(MILES FROM ORIGIN) 


Figure 1.—Design of the Phoenix-Maricopa County grid system. 
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'4-mile section basis, the expanded subsample 
the total 
however, 


ngainst 
It 
sidered practical to report the error for each 
Instead, the 1,520 ! 


accumulations sample 


aecumulations. Was not, con- 


section, i-mmile sections 


115 





were stratified into 15 volume groups, and the 


individual errors were accumulated and sum- 
Such a 
process produced, for each of the 3 subsamples 
tested, 
which the error occurred. 


marized for each volume group. 
15 errors and the average volume at 


The 


number of sections, and the average volume 


range, the 


of each volume group are shown in table 1. 
The sections of gridline were stratified into 
volume groups in accordance with the volumes 
accumulated in the sections from the expanded 
total sample. 

The summarization of results, per volume 
group, for each subsample consisted of de- 
termining the differenees in) volumes aceu- 
mulated per seetion from the original sample 
and the subsample, squaring the differences 
and secumulating the results of the squaring. 
The resulting summation was then divided by 
the number of sections in the volume group 
taken. 
The result of this procedure is the root-mean- 


and the square root of the quotient 


square error (RMS error) of the subsample as 
compared with the total sample. The equa- 


tion for determining this error is: 


AV WV 


RMS error — 


\ {=} 
n 


Where 
V volume exeeumulated in seetion 7 
from subsample. 
4 volume secumulated in seetion 7 


from total sample 


n=number of sections in volume group. 


The rMs error is comparable, statistically, 
to the standard deviation of a group of values 
around their mean. For example, if the Rms 
error for a one-third subsample volume com- 
with the 


50 person-trips, one would make little error 


pared original sample volume is 
by assuming that two-thirds of the expanded 
volumes obtained from the subsample would 
lie within 50 person-trips of the total sample 
volume, 

RMS errors were developed for each sub- 
That is, 


for each of the one-half subsamples, 


sample, # RMS error was developed 
for each 
of the one-third subsamples, and for each of 
the one-tenth subsamples. However, since 
little could be gained by reporting and analyz- 
ing each subsample RMS error, a mean error 
sub- 


from the 3) one-third 


from the 2 one-half subsamples, and 


was determined 
samples, 
from the LO one-tenth subsamples. 

\ RMS error Was computed for each volume 
' 


Class, and the percent root-mean-square error 


was determined by dividing the numerical 
average volume of the volume 


The 


one-third subsample comparison are presented 


error by the 


Class being considered. results of the 


in table 2. 


Results of the Study 


The results of the trip-tracing program and 
the statistieal procedure used are the percent 
root-Theah-square percent RMs errors for 
the one-half, the one-third, and the one-tenth 


subsamples, each measured against the total 
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Phoenix- Maricopa 


results are shown in table 3 for each volume 


group. 


As wus to be expected, the percent 


error for any 


rate, and vice 

No. 7, 

subsample was 
2 


sample, 23.5; and for one-tenth subsample, 
19.4. In addition, the percent RMs error, for 


each 


increased, 


subsample, 


particular 
invariably greatest for the smallest subsample 
versa. 


County 


decreased as 


sample. 


volume 


For example, for an 
average volume of 1,763 trips, volume group 
the percent RMs error for the one-half 
15.3: for the one-third sub- 


group. is 


volume at the 





These It should be understood that the one-hal 


RMS errors 


RMS 


dwelling-unit 
third subsample rate 


sample is 


in the following manner. 


subsample errors are in reality the percen 
between a t-in-30 and a 1-in-1 

sample. Likewise, the one 

is actually a l-in-4 


dwelling-unit sample and the one-tenth sul 
1-in-150 
the error in each case being measured agains 


dwelling-unit’ sample 


the 1-in-15 sample. 
The values tabulated in table 3 can be use 


If it is desired t 


estimate trips from a home-interview surve 
1,000 average daily person-trip level 


volume group No. 10, for some specific desig 





Punch 15% 
1/4emile trip 
volume 
accurmmlations 
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Figure 2.—Generalized electronic computer flow chart for tracing trips across a grid systet 
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Table 2.—Results of one-third subsample comparison with total sample 

















Mean volume ! Mean error * RMS error t RMS error (verage RMS error of three samples 
Mean 
Volume | volume 
group of group (Ist (2d) 3d) Ist) 2d) 3d Ist 2d 2d 3d Rihienlitcincin) Percent erro! 
No (total One One- One One One- One On One One Or One On RMS err Absolute error 
sample) third sub-|third sub-'third sub-) third third third third third third third ee od O! 4) ériginal 8 
sample | sample | sample sub- sub sub sub sub 1} it } sub wh lh tg ample 
sumple sample sample sal ple Tp le ‘ wip le 3 olume 
I 91.1 83. 2 90. 6 99. 4 7.9 0.4 8.3 7 S S 42.4 86. 61 77.9 84.74 
» IRS 2 on1 9 309. 5 308. 9 52.0 +3} 3 25. 7 160 153 His 1. A 50. 43 160.8 50.78 
3 x 186. 7 392.9 545. 0 522. 2 43.58 +58. 3 $5 205.6 237.4 } } AR 7R 16. 37 ~»9 YQ 15. 80) 
1 682. 0) 623. 2 710.9 711.9 5S. +28. 9 29.9 S078 253. 45. 1 37. 18 43. 34 285. 7 11. 89 
8403.3 749.9 977. 1 452.7 143.3 +834 5Y 40). 5 306. 4 t ws 223 664 34 30) 29 OS G1 6 12. 64 
6 1, 244.5 1, 153.8 1, 325. 3 1, 254. 2 90. 6 +S. 9 +9. 7 308.4 $35. 2 14 4. $2 26. 93 28.10 331.3 62 
7 1,763.4 | 1,772.5 | 1,883.2] 1,634.4 +9.1 | +119.8 128.9 390.8 127.) 124.9 24.2) 24. 1 114.2 3.49 
x 2,257.4 | 2,123.7 | 2,631.0 | 2,287.5 133.7 | +373.6 | +30 $70). ¢ 37.9 ; s 38 17.34 166.6 6 
’ 2, 99S. 6 2, 886.6 3, 118.3 2, 990.9 112.0 +119 7 or 513. ¢ 78.4 29 It ) 31.9 17. 74 
th) 4,001.4 3, O38 8 3. 495.6 4, 060.8 62.6 5 § +6. 4 H6H6. 1 654.7 ‘ 3 16.1] 645. 2 16. 37 
11 029.9 | 4,903.9 | 5,136.4 | 5,022.5 117.0 | 4115.5 +1. t 727.0 667 1. 48 5. 30 14.53 708. J 14.10 
12 6,759.3 | 6,490.2 | 6,628.3 | 7,159.4 260.1 | —131.0  +400.1 774 75l rT 1.12 13. 65 816.2 12.08 
13 8, YOLS S, S06. 1 8, 923. 1 Y, O66. 4 65. 7 38.8 +104 S7S SO. 4 } s ae 10.16 RSH. 4 0.56 
14 12, 401.3 12, 285. 2 12, 461.4 12, 457.2 116.1 +t. 1 90. 9 WY. 7 913 t s4 7 9, 32 3. 2 SO] 
15 21,689.9 | 21,555. 2 | 22,€46.2 | 21, 468.2 134.7 +356. 3 221.7 | 1,741.0 | 1,808.9 t 8. ( 8. 34 7.63 1, 735. 2 8.00 
C= ent volumes ) »> (Subs IM ple ) (Origin 1 Sil wf (Subsample Original sample ) 12 
—\in volume group éaf volume volums —|\ volume ) { volume )| 
1 Mean volume 2 Mean error = RMS error 
Number of sections Number of sectiot Number of sections 
ip ee KMS error 
4 ercen {MS error 
Mean volume 
purpose, the use of a l-in-30 dwelling-unit sam- The percent RMs errors computed for this Considering equation (4) for determining 
ple would produce a volume that is within 11.7) study, as mentioned previously, are statisti- the percent RMS error between the total 
percent of the value that would have been — cally comparable to the standard deviation of sample volume and the aetual volume, from 
obtained with a 1l-in-15 sample two-thirds of a group of values about their meat Chere the error determined from the one-tenth sub- 
the time. Likewise, the use of a 1l-in-45 dwell- fore, an equation for relating percent RMS sample, equation (4) then becomes: 
ing-unit sample would result in a volume that — errors, Comparable to equation (1) above is 
is within 16.4 pereent of the value obtained Ee ; E Fy n0-s Fi /10-« 
by a l-in-15 sample two-thirds of the time. ; wth = N, 1 10—1 
If the probability of being within the 1-in-15 oe V1/10N, 
: re: 
sampling rate volume 95 percent of the time ; 
; E,,..=pereent RMS error. of ibsample oe 
is desired, 2 times the percent RMS error BE : (5) 
: volume measured against true 3 
would be used. An expectancy of 99 percent 
: me , : volume 
would require 5 times the percent RMs error , : . . . : - 
: ; I | . l | na ’ bl E..-s,=percent RMs error of subsampk Likewise, the equations for determining the 
y using the values tabulated in table 3, ; ak ee 
‘i j - . 4 volume measured against total error of the total sample from the one-half and 
he expected results a 1-in-30, a 1-in-45 ' 
the expe et d re ilt of i IL in-30, a l-in-45, sample volume one-third subsample errors are: 
and a 1-in-150 dwelling-unit sample can be ; ; 
“t] ; f a8 | OO percent RMS error of total sam- E 
compared with that of a -In-loO sample. : 7 : 
| F : : ple volume measured against tru I EF; (0) 
llowever, the primary purpose of this study \ 1 
: : . volume 
was to determine the error between the volume : 
determined from any dwelling-unit) sample , E : E (7) 
. An equation for estimating the error for a . > 14] 
and the actual volume; the actual volume ; 7 ee Ve 
; tail 2 sample from the error found for another 
Ming the average adally pers -trips easurec . Stahili - a . — 
ng the avera lly } — tsi measul independently selected sample is Stability of error computation 
over the study period. It is evident that only ; : ; me 
3 pe Equations (9), (0), and (7) were used to 
through an overwhelming expenditure of time \ : 
, : : E E 3 determine independent estimates of the per- 
and money could every person in a city be in- aes re i : . 
cent RMs errors in the total sample volumes, 
terviewed every day during the study period. 
llowever, through statistical procedures, using Where -_ ; 
rough 8! , # an Fable 3.—Percent root-mean-square error of 
comparisons of the 1-in-30, the 1-in-45, subsample volume as measured against 
1 the 1-in-150 dwelling-unit sampling rate V,=number of interviews taken it 


th the 1l-in-15 sample, an estimate of the 
error between any size sample and the total 
population could be determined. 
Source of error 

The 


many of the subsamples and the true vol- 


error between a volume determined 


‘consists of two parts: First, the error be- 

en the subsample volume and the total 
P \oenix-Maricopa County sample volume; 
second, the error between the total sam- 


volume and the true volume. In statisti- 


eo) computations, for the analysis of variance, 
th total variance of a group of samples is 
eq inl to the ‘between sample” variance plus 
tt within sample” variance: 


Ftotal O-within between l 


Wore: o?=variance 
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original survey. 


Nas number of interviews represented 


in subsample 


Assuming that equation (3) is a1 
the 


acce Pp} ible 


approximation to situation being 


sidered, and by combining equations (2) and 
(3) the following equation results 
N, 3 
\ E: | ap I 
or 
: halen 
- N,—N 
y 
therefore 
BR | 
j 


total sample volume, by different sample 





sizes 
| 
| Percent RMS error of subsample 
volume measured against total 
sample mean volume of group 
Volume group 
No 
One-half One-third | One-tenth 
original original original 
sample sample sample 
7 , 
l 67.5 84.7 193.0 
2. 41.4 56. 8 120.7 
3 28. 4 45.8 88, 2 
4 27.6 41.9 80). 2 
i 23. 1 32. 6 67.7 
6 18.0 26.6 55. 7 
7 15.3 23. 5 49.4 
s 13.4 20. 7 45.0 
v. 14.2 17.7 36.6 
10 11.7 16.4 33.8 
1] 10.2 14.1 29.0 
12 9.3 12.1 20.4 
13 6.7 9.6 21.4 
4. . rae 5.4 s.0 18.5 
15... 3.58 x. 0 16.0 
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Table 


1.—Estimated percent 


measured against population volume 














Estimated percent Rvs error from 

Volume 
group No One-half One-third) One-tenth 

original — original original Mean 

sample sample sample 
] 67.5 | 50. Y 14.3 63.4 
2 41.4 17.3 1). 2 43.0) 
4 28.4 2.4 2u. 4 30.1 
4 27.6 29.7 26.7 28.0) 
) 23. 1 23. 1 22. 6 22.9 
in Is 0 1s. 8 Is. 6 Is. 5 
7 15.3 15.9 16.5 15.9 
s 143.4 14.7 15.0 14.4 
4 14. 2 12.6 12.2 13.0 
th 11.7 11.6 il.3 3 
1) Ww 100 Y 7 10.0 
12 Qik sf A a 4 
Bi 6.7 Hos fe “ou 
4 1 7 2 s 
1S 4.5 7 1 0 

measured from the actual volume, from the 


one-tenth, one-half, and one-third subsample 
If each of these inde- 
pendent calculations produced consistent esti- 


errors, respectively. 


mates of the RMs error for the l-in-15 sample, 


it appears reasonable to assume that other 


sampling rates would be equally consistent. 
These independent estimates of the error in 
the total sample are shown in table 4 

A comparison of the estimated percent RMs 
errors of the 1l-in-15 dwelling-unit sample, for 
little 
The mean of the three estimates was, there- 


each volume group, shows Variation 


fore, determined and plotted on logarithmic 


paper (fig. 3). A least-squares fit determined 


from the points is also shown in figure 3 
The equation of the developed line is 
Percent RMs error of 1-in-15 629.0 


dwelling-unit sample volume "4 
The coefheient of correlation developed is 
approximately 1, indicating an almost perfect 
functional relationship between the two vari- 
the varia- 
tion in percent RMs error is explained almost 
the 
this is a logarithmic relationship the standard 
the 
percent of the estimated value rather than a 


ables considered. In other words 


entirely by Variation in volume. Since 


error of estimate for line is a constant 


constant percent error. The error, which is 


5.65 pereent of the estimated values, 
that 


means 
at a volume of 1,000 trips, the standard 
error is about 1.2 percent (5.65 percent x 21 
percent) and at 10,000 trips the standard error 
is about O44) percent (5.65 percent x 6.8 
percent). 

Mquation (3) can be used, in the following 
form, for determining the relationship between 
percent RMs error and volume for any sample 


rate: 


BE o E, lh-o ~ VN, ) 
Where: 

E,., =error of any sample 7. 

Fins o=error of l-in-15 dwelling-unit 


sample. 


N,= number of times the sampling rate of 


survey ¢ is less than I-in-15. For 
example, if a 1l-in-60 rate is used, N 
would be 4. If the rate was 1-in-5, 


N, would be 1/3. 
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root-mean- 
square error of original sample volume as 


If a I-in-1 sample were taken, that is. every 


person in the city interviewed once, the 
equation for determining percent RMs_ error 
would be: 
629.0 \ NV, 
Pereent RMS error= 
volume -45*4 
where: N;=1/15 
therefore 
percent RAS error for 1-in-1 162.4 
dwelling-unit sample “volume -4854 
10 


It should be that the 


l-in-1 dwelling-unit sample is not zero, since 


noted error for a 


a |-in-l sampling rate is not a 100-percent 
traffic 


very person in a 


sample for determining average daily 
during the survey period 
city would have to be interviewed about his 
travel for every day during the survey in order 
to obtain the universe of travel for that period 

Equation (10) ean be used for determining 
the equation for percent RMS 
Simply multiply equation (10 


bv the square root of the denominator of the 


error at) any 


sample rate. 


sample rate ratio used 
1-in-30 


multiply equation (10) by the square root of 


For example, if a 
home-interview sample rate is used 


30. Figure 4° presents predictive lines for 


estimating percent RMS errors for volumes 
between 100 and 100,000 person-trips per day 


for various sampling rates. 


Comparison of Results 


A theoretical approach to the problem. of 
estimating the accuracy of various sample sizes 
the the 


determined 


standard 
the 
The theorv states that the expected 


relies on estimation of 


deviation in volumes from 
samples 


deviation is expressed as follows 
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o expected deviation 
1° = Volume 
S =percent sample 


r V"Gioo) C 0) 


Since the probable volume (VV) is equal t 
the volume obtained from the survey times th: 
sample rate: 


o ; S S 
vy \ ' ( 00) ( ; 00 ) 


100 
or 
OO-— S 
percent ¢@ - 


as 


\ comparison of the errors predicted by th 
above theory with the relationship develope: 
in this article is shown in table 5 for variou 
volumes and sample sizes. It can be see 
that the observed root-mean-square errors ar 
from 1.7 to 1.9 the 
This difference may b 


times as great as erro 
predicted by theory. 
due to nonsampling errors such as response and 
eoding errors. For example, a study made i 
Ohio, that 


viewed reported too few trips in some cases 


Cincinnati, showed those inter- 
and too many trips in other cases. 

In table 5 it is found that the observed erro: 
is almost two times as great as the theoretical 
error. This means that in order to maintain « 
desired degree of accuracy, it is necessary to 
increase the sampling rate to almost four times 
the rate indicated by the theoretical standard 


deviation computation, 


Use of Results 


The curves plotted in figure 4 have been de- 
veloped for total person-trips and ean be uti- 
lized to determine the sample rate to be used 


ESTIMATING EQUATION 
6220 


Y: 





X= VOLUME (TOTAL PERSON TRIPS) 


Figure 3.—Relation of percent root-mean-square error and total person 
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Figure 4.—Relation of percent root-mean-square error and volume for various dwelling- 


unit sample rates. 


when desiring an estimate of volume with a de- 
sired degree of accuraey. For example, if it is 
desired to estimate an average daily volume at 
the 10,000 person-trip level, and be within & 
percent of the true value 95 pereent of the 
time, from figure 4 at volume equal to 10,000 
and pereent RMS error equal to 4 pereent (8 
perecent--2 for 95 pereent confidence), it is 
found that a 20-pereent sample should be 
taken. Similarly, the curves can be used to 
estimate the error in accumulated volumes 
ifter the results of an origin-destination survey 
ire Obtained. For rates not plotted, equation 
10) would be used in the following form: 
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Dwelling-unit 


sample rate in percent 
1, 624 
(Percent RMs error) (volume -45*4 


For the problem explained, a dwelling-unit 


1] 


sample rate of 20.4 percent would result from 


the use of equation (11), indicating that one 


out of every five dwelling units should be 
interviewed 

More often than not, the highway enginee 
is interested in the number of vehicle-trips 
rather than the number ¢ i 


f perso -trips vehi- 


Table 5.—Comparison of observed errors 
and theoretical sampling errors 





Observed 
Theoret error 
Sample rate Volume Observed ical sam-. theoreti 
percent error ! pling cal sam 
error 2 pling 
error 
Percent Percent 
100 171. 31 99. 50 SS; 
:, | 1, 000 55. 64 31. 46 1. 
} 10,000 1S. 07 Y. 45 1.8 
1100, 000 5.87 3.15 14 
100 Os. 4] 5th. 87 7 
} 1,000 $2. 21 17. 98 1.8 
) 10,000 10. 43 5. OY 1.8 
1100, 000 3. 34 1.80 1Y 
100 BOD 48. U0 a4 
: | 1, O00 27. 82 15.44 1S 
. , 10,000 4 (4 14) 1s 
100, 000 » U4 y. 55 1 
100 7H. 60 13. 00 1.8 
| 1.000 24. 40 13. 80 1.8 
) 10,000 s 10 136 Ls 
1100. 000 » 62 1. 38 1.9 
wo 51.50 30.00 2 
1, 000 16. 70 9. 50 1S 
i 10, 000 5.43 3.00 1s 
1100. 000 1. 76 45 1g 











s the percent RMs error as developed in this artick 
s the theoretical percent standard deviation error 


cle-trips being the figure used for highway de- 
sign purposes. Therefore, the question arises: 
can the curves developed for person-trips be 
ised as an indieator of error for vehicle-trips? 

The volume of automobile vehiele-trips 
throughout a city is less than the volume of 
person-trips, but is similarly distributed. The 
errors, if developed between the subsamples 
and total sample for automobile vehiele-trips, 
should not, therefore, be any different from the 
errors determined for all person-trips. That is, 
a pereent RMs error for 10,000 automobile 
vehiele-trips should be no different from the 
error determined for 10,000 person-trips. The 
curves presented in figure 4 and the equations 
developed can therefore be used for total per- 
son-trips, automobile vehiecle-trips, bus-pas- 
senger trips, truek- and taxi-passenger trips, 
The results 
of this study ean also be applied to any home- 


and automobile passenger-trips. 
interview type of origin and destination survey 


since accumulation of trips and not individual 
zone-to-zone movements are being compared, 
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A Traffic Analyzer: 
Its Development and Application 


BY THE DIVISION OF TRAFFIC OPERATIONS 


BUREAU OF PUBLIC ROADS 


From the early graphic recording equip- 
ment to the modern electronic digital re- 
corders, the Bureau of Public Roads has 
continuously been seeking faster and more 
reliable means for recording and analyzing 
traffic data. 
velopment of the Bureau’s digital speed- 


This article presents the de- 


placement equipment—the traffic analyzer. 


iP THE PAST 20 
vances in 


standards for geometric highway design have 


YEARS significant ad- 
the development of improved 
stemmed primarily from the increasing knowl- 
edge of traffic performance, driver behavior, 
and highway capacity. A better understand- 


ing of the many problems has been made 


the detailed study 
and placement ‘of each vehicle in the traffic 


possible by of the speed 


stream and its relation to the speeds, the 


lateral placements, and the longitudinal posi- 
tions of vehicles ahead, behind, and adjacent. 


Development of Equipment 


In the early stages of research, traffic data 


were recorded by observers using stopwatches 


and pavement markings. The necessity for 


more complete knowledge of the faetors de- 


termining highway capacity became increas- 


ingly evident Improvement and refinement 


in the field technique was imperative because 


more data were needed, with greater pre- 


cision, as ndded features of design had to be 
evaluated, and the results had to be analyzed 
more quickly. 

made of automatic 


Increasing Use was 


graphic recording equipment as reliable and 
available 
the Bureau 


instruments became 
By the late 1930's, 
Roads had 


and = placement 


sophisticated 
for field use 
of Publie 


speedmeter 


developed n reliable 


detector with 
digital outputs to the time bases available in 
graphic records : The aecuracy and depend- 
of this equipment 


However, the data had 


ability Was proven in its 


continuous field use. 


to be sealed from the long rolls of pen-line 
graphs produced by the equipment before 
they could be put on punch cards; and the 


considerable amount of manpower and time 


required for this greatly delayed the avail- 


his article was presented at the 30th Annual 
of the Institute of Tratlic Engineers, Chicago, 1] 
ber 1960 





Meeting 


Septem 


2 New techniques in traffic behavior studies, by EF. WW. Holme 
ind S. E. Reyvmer, Purtic Roaps, vol. 21, No. 2, April 1940, 
pp. 20-45 


limited the 
handled It 
that ; 
actual digital recording would be sought, from 


data for use and 
data that 


natural, 


ability of the 
volume. of could be 


Was only therefore, means of 


Which machine tabulating cards could be pre- 


pared easily, accurately, and quickly, and in 
large volume 


This thinking became a reality in 1946 when 


automatic digital recording of data for two 
lanes of traffie was made available by means 


of mounting hand-wound solenoids over the 


keys of a standard adding machine and de- 
vising a digital clock to indicate the time of 


each recording. This assembled equipment 


proved so successful that a vear later it was 


permanently mounted in a panel truek, and 


studies were conducted with the equipment 


in many States throughout the 


With 


but no changes in the basie design, this 2-lane 


country 


minor improvements in components, 


digital speed-placement served 
well the Bureau of Public 


ating State highway departments, 


equipment 

fouds, the cooper- 
and other 
agencies for LO vears. 


LANE 3 LANE 3 sawn 
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Reported ' by ASRIEL TARAGIN, Chief, 
Traffic Performance Branch, 

and RICHARD C. HOPKINS, Chief, 
Instrumentation Branch 


In 1956 the recording capabilities of the 
digital speed-placement were in- 
traffic. The 


to improve some 


equipment 


creased to cover four lanes of 


time was then opportune 


points of basic design which the availability 
of recently developed electronic components 
made feasible. The traffic analyzer was de- 


veloped by Bureau engineers, modernizing 


and redesigning the older speed-placement 
recording equipment. 

The problems of transportability and the 
the panel truck 


were solved by installing the equipment in 


shortcomings of standard 


a custom body 


truck chassis. 


on a commercial delivery- 
This provided a short wheel- 
base for maneuvering in close quarters at 
traffic study sites and allowed a maximum of 
usable interior space for equipment placement 
comfort. (A_ typical 


for the operation of the traffie analvzer vehicle 


and operator position 
is shown on the magazine cover. 

Figure | shows in block diagram the instru 
ment design of the traffic analyzer. Special ve- 
hicle detectors may be placed at any or all of 
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Figure 1.—A block diagram of the traffic analyser instrument system. 
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our different positions where vehicular traffic 
lata are desired. The usual detectors consist 
of either two pneumatic tubes or two positive 
‘ontact 


strips to detect speeds and a seg- 


mented detector designed and built by the 
Bureau to detect vehicle placement. 

Figure 2 shows a typical field setup of the 
letectors on one roadway of a 4-lane divided 
The 
from 12 to 36 feet apart, depending on the 


highway. speed detectors are spaced 
iverage speed of traffic, to provide a known 
timing. A 5-foot dead 


space is left between the active sections of the 


distance for speed 


detectors in adjacent lanes to prevent lane- 


straddling vehicles from being recorded in 
more than one lane. 

The segmented lateral placement detector 
is used in lengths of 12, 24 tS feet, de- 


pending on the roadway width being studied. 


. 20, Or 


The deteetor is segmented into 1l-foot units, 
each segment having an active contact of 7! 
inches and a dead space of 442 inches. The 


{45-inch spacing between the active contacts 


permits a precise determination of vehicle 
placements 
The speed and placement detectors are con- 


nected by extension cables to placement relay 


and to several control relavs for each lane of 
data recording. 
Figure 3 shows the interior of the traffic 
analyzer vehicle Along the left side, under Tmmediat ly behind the cab of 


the electronic data collectin 


desk 
At each operating posi- 


the windows, a built-in provides four 


operating positions. control equipment Is mounted 


. . . . . "gahe ** . ve 1 =I) *] 
tion Is a solenoid-operated adding machine relay rack cabinet \ speci 


eable connects the 


t 


The recording units are commercially avail- equipme! 
able d4-bank adding machines containing with the four adding machines \ 
“read-out” units which transmit the data to Gitioner, mounted above and 
the 5-channel paper tape punches mounted on the equipment cabinet, Is necessa 


the shelf pate the heat) generated i 


designed 


above the recorders. Specially 


circuitry and to cool the truek inter 


115-volt a.e. solenoids are mounted 


t 


The data which are 


over the kevs of the adding machines. These Automatic’ 
solenoids reeeive electrical impulses and the for each vehicle are speed, lateral pl 
data are automatically printed on adding referenced to designated traffic 
machine tape and also punched in the 5- precise time of day each vehicle pa 
channel paper tape. Two banks of keys con- point of observation. Vehicle spe 
neeted to push-button extensions are available corded as travel time in’ hundred 


on each adding machine so that manuaily second over the 


coded information can be entered as desired speed detectors; lateral placement is 
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Figure 2.—A typical layout of speed and placement detectors on 
two lanes of a four-lane divided highway. 
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Figure 3.—An interior view of the mobile traffic analyzer vehicle. 


eft wheel positions with respeet to the right 
lee of the traffie lane, by the segmented 
letector; and time of dav is continuously 
eausured in intervals of one ten-thousandth 


All of the data are reeorded the 


nstant that the front axle of each vehicle 
passes over the second speed detector. 

These 
nto the office and interpreted through the use 


Vehicle 


pee dis enleulated from the travel time and the 


recorded data are su! sequently taken 


of an eleetronic digital computer, 


distance between detector tubes; the position 


of the center of the vehicle is computed from 


the wheel placements; and time spacings be- 
determined and reduced to 


feet. The 


high speed computer also is used to determine 


tween vehicles are 


headway distances measured in 


the speed and the lateral and longitudinal 


positions of each vehicle relative to all other 


vehicles which are ahead, behind, or adjacent 


to it 
Electronic Design 
The time base for the vehicle speed meas- 


shown in figure 4, 
The fork and its as- 
sociated amplifier and wave-shaping circuits 


irements, is a 1L00-cyeles- 


per-second tuning fork. 
is shown on the left. The tuning fork is elee- 
trically driven, self-starting, and is calibrated 
to the exact frequency of 100 eyveles per second. 
A shutter attached to the tines of the fork, 
a light source above the shutter, and a photo- 
cell beneath it provide for an electronic signal 
the 


natural frequeney. 


output from fork without affecting its 


The output of the time- 
base unit is a 100-eyele-per-second square 
wave of 20 volts amplitude to actuate the 
‘one-shot”’ drivers of the decade sealers in the 
Four relay gates, one for 
the 


time-base chassis, as shown on the right in 


speed-timing unit. 


each lane of traffie, are mounted under 


figure 4. As they are actuated by the control 
relays for each lane, the gates, in turn, control 


the speed time pulses to be counted. 
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Figure 4.—Time base chassis (top view, left; bottom view, right). 


The t-lane electronic specdmeter, shown in 


figure 5, consists of four pairs of electronic 


decade sealers (on the left), each pair being 


capable of counting to 99. The pulse input 


connectors are located below each pair of 
sealers As the speed-timing pulses (1) 100th 
of a second) are received by any pair of these 
sealers, they are accumu ated and the total 


held for recording. The circuitry of the speed 


meter is shown on the right The reetangulat 
boxes in the middle of the chassis are the pulse- 
shaping one-shot multivibrator drivers to the 
Below 


vacuum-tube amplifiers necessary to actuate 


decade sealers these boxes are the 
the relavs in the binary to digital converter 


Figure 6 is a rear view of the speedmeter, 


which contains the 52 vacuum tubes necessary 
lo perform the proper functions 

The output of the decade sealers is a binary 
coded decimal To record this on a digital 
printer a decoding relay matrix is actuated by 
the sealer output to proy ide the propel decimal 
This 


in the small panel seen immediately below the 


number for recording unit is enclosed 


+f LANE Ts : 


¥% on 






Figure 5.—Four-lane electronic sp 
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speedmeter in the interior view of the vehicl 
shown in figure 3 

Figure 7 shows a view of the chassis con- 
taining the placement and control relays for | 
traffic The 12 


which are actuated by the 12 contacts on the 


lane of Placement relays, 
segmented placement detector, are shown in 4 


row at the top of the figure. One power 
supply is needed to operate two of these relays, 
and the six power supplies needed are shown 
in the lower part of the figure Kach place- 
ment contact actuates the appropriate place- 
ment relay which, in turn, operates the proper 


The 


shown just below the placement 


solenoid on the adding machine 
shift 


rela vo. 


two 
relavs, 
permit automatic piekup of 38 feet of 
placements of the adjacent lines to the right 
or left, a when 


straddle two traffie lanes The 


normal occurrences vehicles 


three control 
relays, Which are mounted on the panel, control 
the se yuence of operation for the deteetion 
and recording of the data for the specific lane 


The 


thousandths of an 


time of dav, aceumulated in ten 


hour, is provided by a 


decimal timer consisting of an 1,800-r.p.m. 


synchronous motor, a gear-reduction unit, 


and a breaker-point assembly shown to the 


left in figure 8. A 4-pointed cam closes an 
electrical contact each ten-thousandths of an 
hour to pulse the timing switches from the 
12-volt d.e. 


power supply included on the 


chassis These ten-thousandth-of-an-hour 
time units are accumulated in four 6-bank, 
10-point spring-driven stepping switches. A 


count of 10 in one switeh is carried over as a 


count of Lin the next switeh so that the deci- 


mal timer makes one complete timing cyel 


per hour Four banks of each stepping 


switch provide the time information which is 


recorded in each of the four lanes One bank 


controls the illuminated digital read-out on 


the timer panel, shown in figure 8 on the 


right, and one bank supplies the digit carry 
over information to the next switch Four 
push buttons on the front panel allow. the 


timer to be preset for the start of a study 
The sequence of operation for a traffie lan 


being studied is initiated bv a vehicle passing 


‘ ONE-SHOT 
IMULTI- VIBRATOR 


redmeter (front view, | ft: bottom view. right). 
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over the first speed detector. This electrical 
contact actuates a control relay which, in 
turn, opens the relay gate to the speedmeter 
and turns on the power to the placement 
detector for that lane. As the front wheels of 
the vehicle pass over the placement detector, 
the appropriate solenoids are actuated through 
the placement relays and the information is 
immediately entered in the adding machine 
When the front wheels of the 


vehicle pass over the second speed detector, 


recorder 


the speedmeter gate is closed, the speed tim- 
ing (in one-hundredths-of-a-second units) is 
entered on the reeorder, the decimal timer 
reading (time of day in ten-thousandths of an 
hour) is transferred to the recorder, and a 
control signal causes the adding machine to 
evcle and print these data. During the print- 
ing evele, the decade sealers in the speedmeter 
re reset to zero. The vehicle classification 

d any other desired information is usually 
set up by the observer in the two manually 


controlled columns in the recorder before the 
front axle of the vehicle closes the first positive 


contact detector; but it may be entered at any 
time before the printing evele starts. 


9 shows a sample of the data recorded. 


ASSEMBLY 





Figure 8.—Decimal timer chassis (top vieu 
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Figure 6.—Four-lane electronic speedmeter (rear view). 


Figure 


ee ee ae 





5-channel 


The built-in read-out to the 


paper tape punch retains the necessary data 
after the printing evcle until the sequential 
Mean- 


while, the kev board of the adding machine 


operation of the punch is complet 
will accept new data for the next recording 


Uses and Applications 


The first extensive use of the original 2-lane 
digital recording equipment took place in 1947 
on the San Franciseo-Oakland Bay Bridge i 
California. Information was urgently needed 


to evaluate the driver behavior characteristics 
and the capacity of the bridg Data for 
over 50,000 vehicles were recorded during 
one month at 11 locations Because the field 
data were automatically printed on the adding 
machine tapes, 1t Was possible to start pul ch- 


ing machine tabulating ecards after the first 


day of field observations Summary tabu 

tions showing averages and distributions of 
speeds, placements, gnd headways for. all 
study locations were available within 2 weeks 
after fied studies were completed.  Thes 
results were very effectively used to justify 
specific recommendation for the improvement 


Figure 7.—Placement and control relay chassis (top view). 





of traffic operations. A detailed analysis of 
these data also vielded invaluable criteria for 
lane capacity determinations discussed in the 
Highway Capacity Manual? 

For a 42-day period in 1948 a series of driver- 
behavior studies were conducted in conjune- 
tion with a study of time and gasoline con- 
sumption in motor truck operation? For 
this purpose the equipment was used to record 
speeds, placements, and traffic volumes on 
level tangent sections, on grades, on curves, 
and in tunnels. The results of this study 
have been applied to the determination of 
speeds and travel time in conjunction with 
cost analysis of traffie operation on highways 
having varying horizontal and vertical aline- 
ment and in tunnels. 

Since 1948, the traffic analyzer has been 
employed in a large number of studies in 
cooperation with at least 24 State highway 
departments, city and county traffic author- 


Highway 
research, Bureau of Public Roads, 1950 


+ Time and gasoline consumption in motor truck operation, as 


Capacity Manual, practical applications of 


iffected by the weight and power in vehicles and the rise and 
fall in highways, by C. C. Saal, Highway R«¢search Board, 


Research Report No 9A, 1950 


px 





. left: front view. right). 








2896900004 4000 
2902020600 35 00. VEHICLE TYPE 
2912900004390 0 (manual) 
2926980304 39 1 0 
2930980304 41.00 DRIVERS ACTION 
2954921324 4104 (manual) 
2957901304 4300 
2972 08030037 0 19) SPEED CODE 
3016001050 280.2 
3038080300 5500 

0 
3055080300 50 1@) PLACEMENT CODE 
3071900004 3330 
3076080300 3200 
~2986 901304 42 1¢) 3 TIME 
308890130447 20  (WO000tn of on hour 
3099901304 480 3 
31:1029010545000 
31:10900160035 00 
3124900004 4400 
3:'127900004 4400 


Figure 9.—A typical recording sample from 
the traffic analyzer. 
ities, and a number of universities. The areas 
of study covered ranged from simply obtaining 
speeds cf all vehicles simultaneously in four 
lanes carrying extremely heavy traffie volumes 
to very comprehensive studies involving 
weaving and merging vehicles such as on the 
Congress Street Chicago, the 


Los 


and 


expressway In 
John Lodge Expressway in Detroit, the 


Angeles Freeway system in California, 
several expressways in Texas. 


W hile 
volume 


every study made during heavy 


conditions has provided valuable 


The 


routes and was, therefore, an extremely 


complex section of highway, varying con- 


siderably in its geography, intersection chat 
acteristics, roadside development, and traffie 
composition, The interaction of such factors 
could well lead to a highway system open to a 
high degree of variability from time to time. 
In so large a system as 208 miles of highway, 
might well 


a significant change 


pendent of 


occur, inde- 


any imposition of police patrol 
The conclusion from this speculation would 
then be that test route No. 4 


fluenced by and the 


Was not in- 
enforcement change in 


Variance was due to heterogeneity of the 


traffic and of the route. 
Reliability of speed measurements 


A second consideration coneerns the relia- 


bility of the speed measurements. It was 
generally assumed in this study that the spot 
speeds measured on each of these routes were 
independent samples drawn from = a_ single 
population of speed and, therefore, these speed 
distributions were representative of all the 
highway and all the traffic over all time \ 
recent study indicated that sueh an dssuUlLp- 


tion is invalid (5). On the eontraryv, vehicle 
speed uppears to depend upon a wide variety 
of factors, all of 
The 


speed data are 


Which appear to be time- 


varving inescapable conclusion is that 
Therefore, 


ratios is 


spot 
the 
severely compromised, for the significances may 
be due simply to the inflated sample size and 
not the 


unreliable 


meaning of the significant / 


effeet of enforcement. 
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highway capacity data, some studies have 


been undertaken primarily for this purpose. 
For example, in 1959 the 
efficiently determine 


analyzer Was 


used to criteria for 
the 
Outer Drive and other locations in Chicago 


forecasting impending congestion on 


The results of this study were of great value 
in the consideration of employing automatic 
traffic recording monitors for traffic sur- 


veillance on the Congress Street expressway, 
a cooperative study by the City of Chicago, 
Cook County, the Illinois Division of High- 
ways, and the Bureau of Public Roads 

The traffic analyzer has also been utilized 
for special studies. In 1959, the 


Sureau of Publie Roads and the Connecticut 


purpose 


State Highway Department, in a cooperative 


study, used the equipment to evaluate the 


effectiveness of roadside delineation, pave- 


ment markings, and «a combination — of 
delineation and markings under various 
conditions of highway illumination Two 
comparable sites, an aceess ramp and an 
exit ramp, were studied 

Speed, placement, and headway data 
were obtained for a total of 183,000 motor 


vehicles for 9 different conditions of delineation 
and 


Hlumination during day and night 
Beenuse 2 sets of detectors were used at 

affic operations as related to hihway illu i 
delineation, by A. Taragin and.B. M. Rudy, Purtic Roaps 
vol. 31, No. 3, Aug. 1960, pp. 59-66 


Continued from page 113) 


A third consideration is the nature of 
drivers’ reactions to their awareness of police. 
From the data it is possible to draw only 


primitive inferences. Certainly an individual 
driver's response will be far more complex than 
What appears in the 


measurement of either 


speed or accident data It will be conditioned 
upon his physical situation, his attitudes, and 
the alternatives he 


perceives to be available 


to him. These are certainly dynamic influ- 
ences Whose effeets under varying traffic condi- 
tions are highly unpredictable. To speak 
then, of only speed behavior hardly upproache Ss 
the complex responses inherent in driving or 
the complex 


responses of drivers to. the 


presence of police 
Restrictions on the data 


The limitations on the interpretation of the 


data in this study are indicative, for they 
demonstrate some basic restrictions inherent 
in the general type of field study. First, they 
suggest the limited efficiency of many of the 
traffic 
This is especially obvious when the purpose 
of such 


measures used in 


behavior studies, 


studies is to generalize about driver 


behavior or discriminate between treatments 


aimed at modifving that behavior. Second, 
the freedom of response available to drivers 
is so great that the variability in driver be- 
havior is excessive. Consequently, measure- 
ments taken from the roadside on a mass of 
motorists are often so unreliable that definitive 
inferences are possible only in 


Third, the 


very. limited 
situations. 


time-varying char- 





total o 
A high spee 


effect, a 
72 different study conditions. 


each ramp, there were, in 
electronic computer was employed to analyz 
the multitude of data for the various cond 
tions and a report was completed by Novembe 
1959, or about 4 months after the completio 
of the field work. 

Other areas of study for which the analyz 
the effec 
on traffic operation of various shoulder width 


equipment has been used include: 


and types, the effect of edge markings o1 
traffic operation, lateral placement guide 
for the AASHIO Road Test, effect of mediai 


behavior and highwa 


truck 


Presently, the analyze 


driver 
and the 


on various highways 


dividers on 


capacity, equivalent facto 


is being utilized to determine the relative 
space that small cars occupy in the traffic 
stream. 


Kvidence of the reliability. and accuracy 


of the mobile traffie analyzer unit is the fae 
that traffic throughout — thi 


with the 


researchers 


country, when faced problem of 


verifying proposed study procedures, — are 
beginning to rely upon it as “the standard 
measure’ in its field. It is quite apparent 
that one of the major future uses of th 
equipment will involve checking of manual 


traffie 
that 


and other recording 


Additional 


rather radical changes in design are 


photographic, 


techniques units embody 


now unde! 


ade Ve lopme ht. 


Effects of Enforcement on Traffic Behavior 


acteristics of the highway system prevent the 


establishment of any real experimental con 


trol in the field situation Too many factors 
traffic 


be controlled 


are operating to continually modify 


activity These factors cannot 


by the experimenter with sufficient: precisiot 


to allow him to draw reliable generalizations 


about traffic behavior. The present study, 
then, demonstrates how basically restrieted 
are many types of field) studies of trafl 
behavior. 
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